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I. INTRODUCTION 
A. Problem Situation 
Agricultural industry has been and is still one of the major 
contributors to the gross domestic product in Nigeria. The industry is 
relied upon to perform all the traditional functions — supply of food 
and fibre, capital formation, supply of labor — in the process of 
economic development. 
In recent years the food and fibre requirements of the nation seem 
to be outrunning the present capacity of agricultural production. This 
is being expressed in rising food prices. Also, many agio-industries 
are working below capacity due to inadequate supply of raw materials. 
Admittedly, inadequate agricultural supply has been magnified by rising 
demand resulting from the aftereffect of the civil war, wastage through 
lack of storage facilities and poor marketing channels. The root causes 
of inadequate supply could be insufficient resource base, small size of 
farm, lack of price Incentive and low level of technology= 
The objectives of modernizing agriculture and Increasing the supply 
of agricultural products have been dominant in the two national develop­
ment plans. One of the main recommendations of the Consortium for the 
Study of Nigerian Rural Development (CSNRD) was to provide agricultural 
producers with favorable price relationships and incentives in order to 
provide private motivations to expand production to socially desirable 
levels (28). Also, in a recent report of the working committee looking 
into various aspects of agricultural development, very broad propositions 
on agricultural development and investment in agricultural industry 
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have been suggested (46). For effective plan and policy formulation, 
however, situational economic and technical farm data are required, 
especially since planning for agricultural development and increased 
production relies not only on the creation of investment opportunities 
but also on the efficient utilization of the existing resources. Accord­
ingly, we require reasonable information on the physical resources, farm 
Income levels, net revenue of different enterprises and the potential 
increase in income and production which could result from the proper and 
scientific utilization of the existing and newly created farm resources. 
Also, the solution to the problem of inadequate supply requires an under­
standing of the factors which influence resource demand and product supply 
of the individual farm firm. We need quantitative information on the 
magnitudes of demand and supply elasticities. 
As a result of lack of adequate information, agricultural planners 
and policy makers have been forced to formulate policies without a 
knowledge of their possible consequences. In particular, the lack of 
sufficient knowledge of the structure of food and fibre sector of the 
industry, and the lack of information about the most effective policy 
measures to attain the desired structural adjustment, both made for 
misdirected effort and rather hesitant attitudes toward large scale 
government and private investment in agricultural business, and in 
industries which rely on domestic supply of agricultural raw materials. 
In short, without a more adequate understanding of farm structure, the 
pattern of price response and the economic organization and motivation 
of peasant farmers, planners and policy makers cannot fully evaluate the 
potential of agricultural programs on the volume of production, farm 
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income and the welfare of the society. Neither can the establishment of 
agro-industries and the expansion of industrial production of new factors 
of production be effectively planned. 
In recent years emphasis has shifted to the problems of unemployment 
and/or underemployment in many developing countries. It has been claimed 
that the basic problems with the rural labor market and excessive farm-
urban migration appear to grow out of inadequate returns to labor, which 
in turn grows out of low farm prices and small farm size (27). Assuming 
these were the true causes of low farm income and excessive rural-urban 
migration, the question then arises: In order to reduce rural-urban 
migration to a desirable level, by how much should farm prices be raised 
and input prices lowered to enable the generation of adequate income 
within the existing farm technology? Or at what scale of operation can 
a combination of reasonable farm prices and reduced input prices enable 
the farm firm to earn comparable level of income without unnecessarily 
raising the prices of food and raw materials to the consumers and 
industries? 
This study is designed to make some modest contributions in these 
and other problem areas by providing the missing links in the chain of 
knowledge and information needed for rational formulation of price and 
rural development policies at both the micro and macro levels. 
Studies in supply and demand^ could provide the basis not only for 
guidance in general policy formulations, but more specifically for 
^Except when otherwise stated "supply" will hereafter refer to the 
supply of products and "demand" will refer to the demand for input 
resources. 
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indicating the magnitude by which relevant instrumental variables need be 
manipulated to achieve some desired objectives. For example, we may want 
to find the minimum price subsidy that will induce farmers to grow more of 
a given commodity or what price differential will be necessary to produce 
significant shifts from one crop to another. 
B. The Objectives 
The objectives of this study are; 
1) To determine the efficiency of resource utilization and profit 
maximizing plan consistent with initial resource base and tech­
nology, alternative resource use and the goals of the farm family. 
2) To identify the production potential and determine the expansion 
path consistent with increased resource level. Improved technology 
and stable producer price. 
3) To establish some quantitative estimates of the effect of resource 
and produce price changes on the quantity of resource demanded and 
product produced by farm firms. 
4) To demonstrate the use of a combination of programming techniques 
and multiple regression analysis for estimating supply and demand 
functions in an environment where no time series data exist and 
where the system of intercropping is the norm. 
5) To evaluate the potential of the various policy instruments which 
could be used to bridge the gap between actual and potential pro­
duction and thus provide a framework for policy manipulations 
designed to achieve Increased production in an optimal fashion. 
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C. Empirical Approach 
The analytical techniques consist of a combination of linear program­
ming and multiple regression analyses which are developed in two phases. 
The first phase consists of a programming analysis of the "average" farm 
to determine the cropping program on the basis of the existing technical 
relationship, average yields, prices, resource base and other limitations 
specified by the family farms' planning environment. Solutions are also 
obtained, firstly, with varying levels of resources keeping the technolog­
ical coefficients and output prices constant and, secondly, with improved 
technology and increased level of resources. 
In the second phase, the solution quantities of output and resource 
input and prices from parametric programming provide the set of data used 
in a multiple regression analysis for constructing continuous supply and 
demand functions. Price and capital elasticities of supply and demand are 
computed from the resulting regression functions. 
D. Plan of Study 
Chapter II is devoted to a short review of two most popularly used 
techniques of supply and demand estimation and some justifications are -
provided for the approach used in this study. We also examine the 
theoretical foundation of some policy models used for inducing resource 
demand and increased production. In Chapter III, we examine the structure 
of agricultural industry in the study area and explain the rationale for 
the assumptions and the data used in the planning exercises. Chapter IV 
is devoted to the economic organization of farms and the estimation of 
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the potential contribution of increased resource base and improved 
technology to farm production and income. Chapter V is devoted to the 
estimation of supply and demand functions for fertilizer and some grain 
crops under varying levels of capital and prices. In Chapter VI, we 
examine some policy issues which are relevant to the validity of the 
quantitative estimates and the magnitude of response indicated by the 
results. Chapter VII provides the summary and policy implications of 
the study and suggests areas for future research. 
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II. REVIEW OF ANALYTICAL TECHNIQUES AND A THEORETICAL 
EXPOSITION OF POLICY MODELS 
There is a variety of estimation methods available for supply and 
demand studies, but the two major estimation methods commonly used are: 
1) Statistical regression approach based on time series data. 
2) Intrafirm estimation technique using linear programming tool. 
We do not intend to review all aspects of these techniques since they have 
been well documented elsewhere (7, 21). Rather, we devote more space to 
the estimation problems and the applicability of these techniques in 
different empirical situations. Some remarks will also be made about the 
choice of the estimation techniques to be used in this study. 
A. Regression Approach 
The statistical regression approach has been the traditional tool in 
demand and supply studies. The method has been widely applied to the 
problems of estimating aggregate supply and demand functions for many 
commodities, particularly in areas where time serlee data exist- Agricul­
tural supply function analysis was pioneered by Nerlove in the early 
fifties, but since then the tool has been extensively used while variants 
of the original models have appeared in the literature. 
In its simplest form, statistical supply function can be conceptual­
ized as follows: 
Yt = a + bPt_i + U; [2.1] 
where 
Y^ = crop acreage in year t 
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= lagged average annual price index of the crop 
Uj. = error term 
When both the dependent and explanatory variables are expressed in logarithm 
we could obtain a direct measure of elasticity of acreage with respect to 
changes in the price of the product. If, however, the main interest is to 
estimate the influence of relative price changes on the substitution between 
enterprises/products, the acreage and the price data could be taken in the 
form of ratios. Accordingly, the supply relationship can be formalized as 
follows : 
n 
I  Aifk 
1=1 
= f 
n 
I  Pi#k 
1=1 
+ u. [ 2 . 2 ]  
t-1 
The term on the left hand side of Equation 2.2 is the ratio of the crop 
acreage to that of competing crops while the term on the right hand side 
of the equation is the lagged average annual price Index of the product 
relative to other competing crops. 
The Nerlovlan adjustment model incorporated more explanatory variables 
in an attempt to render the model more realistic. Krishna's (33) formula­
tion of the model can be represented thus : 
X* = a + hPt_i + cYt_i + gZt-l + hW, + u^ 
Xt - Xf-l = B(Xt - Xc_l) 
[2.3] 
[2.4] 
where 
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* 
the acreage planted to the crop in year t (a good proxy X 
t 
of planned output) 
P = the relative price of the product, i.e. the price of the 
product deflated by an index of prices of alternative 
crops 
Y = the relative yield of the crop 
Z = the acreage of competing crops 
W = the weather index 
u = the error term 
Equation 2.4 represents the adjustment equation and assumes that the farmer 
moves in the direction of eliminating the gap between the actual and desired 
acreage but does not necessarily eliminate it at once due to technical and 
other constraints. B is the Nerlovian coefficient of adjustment represent­
ing the extent of the effort to bridge the gap between the desired and 
actual adjustment in acteage response. The resulting estimating equation 
can be expressed as follows: 
where a^ = aB, bg, = bB, bg = cB, b^ = gB, bg = hB, bg = (1-B) and v^ = Bu^. 
The corresponding representation of resource demand function had been 
formulated by Griliches (15) as follows: 
X 
t ». + "zVi + + "eVl + [2.51 
* 
[2.6] Y ®o + *lXlt + a2%2t "t t 
[2.7] 
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where 
* 
= the desired demand for fertilizer 
= the price of fertilizer relative to prices received for 
crops 
- the price of fertilizer relative to prices paid for 
other factors of production 
The adjustment equation [2.7] states that the percentage change in actual 
fertilizer consumption is a power function of the percentage difference 
between desired and actual consumption of fertilizer. Substituting [2.6] 
into [2.7] and solving for Y^, we obtain the estimating equation in [2.8]: 
Y^ = (l-b)Y^ ^ + a^b + a^bXit + agbXg^ + bu^ [2.8] 
The regression method had been mostly employed for estimating supply 
relationships at relatively high level of aggregation. It requires 
adequate time series data for all important explanatory variables which 
are postulated to affect the supply of commodity. Dummy variables and 
time trends could be used to estimate the impact of historical changes in 
both technology and the overall structure of the farming industry. It is, 
however, difficult to use the regression approach for evaluating some 
anticipated changes or the introduction of new variables when no historical 
data are available. 
The regression method of estimating supply and demand functions has 
been the subject of criticism on the basis of the inadequacy of a single 
equation to correctly represent the true functional relationship between 
variables. Also, the problem of accurate model specification has received 
considerable attention. In the real world, many forces, both technical 
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and socioeconomic, operate to determine the volume of crop output and 
resource demand. But for a number of reasons — mostly statistical, 
economic, unquantiflability of certain variables — it is impossible to 
Incorporate all relevant explanatory variables in a typical model. On 
the other hand, too few variables may lead to invalid models. 
Many factors affecting supply and demand are often correlated or move 
in the same direction, giving rise to the problems of multicollinearity 
in statistical analysis. Other statistical problems include identifica­
tion, the inclusion of abnormal variables or the omission of important 
variables. Over the years, however, researchers have been compelled to 
recognize the trade off between accurate model specification and 
computational complexities and past research efforts have settled for 
models which reasonably approximate the true supply and demand relation­
ships while minimizing costs and computational problems. 
Another inherent criticism of the regression approach is that the 
individual farm adjustments which may cancel one another tend to be 
obscured. Also, data on output and demand are not often available, 
especially in the food and fibre production sectors of many developing 
countries. Those that are available often require both minor and major 
modifications ip order to render them usable in regression analysis. 
B. Intrafirtn Linear Programming Estimation Approach 
The linear programming approach was developed not so much as an 
alternative to the regression approach but as a supplementary tool. This 
approach to the estimation of supply and demand functions has its roots 
in the variable price and resource programming developed in Chapter VIII 
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of Heady and Candler (22). Variants of this approach have been used in 
past research studies on supply and demand (1, 3, 5, 32, 34, 36, 38, 50, 
52). In general, the idea is to generate the optimum pattern of farm 
production and resource demand for various price relationships, resource 
availability and technological coefficients. For a short review of this 
technique, we outline below a particular model of linear programming which 
provides a theoretical frame for the empirical section of this thesis. 
The conventional linear programming model which forms the basis of the 
estimation of resource demand and product supply functions can be formal­
ized as follows: 
Max Z = C'X [2.9] 
subject to AX 1 B [2.10] 
and X 1 0 [2.11] 
where 
Z = the value to be maximized 
C = n by 1 vector of prices 
X = n by 1 vector of activity levels 
A = m by n matrix of input output coefficients 
B = m by 1 vector of available factors or other restrictions 
The parametric programming model is a modification of the conventional 
simplex linear programming model presented above. Suppose we have a farm 
program with n real activities and assume that the farmer desires to 
maximize some gross revenue function subject to m linear inequality 
constraints. We assume further that there is an acceptable range of price 
for the j activity which represents a selling activity for the product 
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whose supply function is of interest. We could conceptualize such a linear 
programming problem with parametric objective function as follows: 
n 
Max Z Z C X [2.12] 
j=l ^  J 
m 
subject to Ï. a^jXj ^ b. [2.13] 
1=1 J 
and Xj >0 [2.14] 
where 
Z * Z(X^, X2J ..., Xj, ..., X^) [2.15] 
C. 1 Cj < c7 [2.16] 
c" - c' 
^—— = k or Cj - Cj = Ak [2.17] 
Z = the objective function to be maximized for a 
given price level within the acceptable price range 
b^ = the level of the 1*^^ resource available 
Cj and Cj = the lower and upper limits of the price of the j^h 
activity 
X = constant increment in the price of the j activ­
ity^ 
k = the number of optimum solutions within the price 
range 
^In a different formulation X could be of varying magnitudes. 
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The derived short-run function presupposes that no changes other than 
product price occur. It Is also generally assumed that farms have achieved 
an optimum organization before the series of price changes occur. But 
since many farms, especially In the developing countries, are far from 
their optimum organization, the first step Is an analysis of the existing 
farm organization with emphasis on the direction of adjustment toward an 
optimum organization (Chapter IV). 
In order to obtain an estimate of the normative supply function for 
product A, for example, the price of the product is varied over the 
appropriate range and the corresponding optimum solutions are obtained. 
The quantities of the product produced at each price level are then 
obtained from the solutions. In a similar manner the quantities of 
resource demanded could be obtained by varying the price of the given 
resource over an appropriate range through a resource buying activity 
built into the model. 
The supply and demand functions, using the programming model, can be 
conceptualized In Equations 2.18 and 2.19 respectively; 
Sa = ((?!' ^ 2' PA Pjjj , R2 ••• ^1' ^ 2 **' ^ n^ [2.18] 
D. 
F f(Pri> Pr2' ^ rF •" ^ rn' ^ 1* ^2 ^n' 
^2' ^1' ^ 2 **' 
[2.19] 
where 
S 
A = the supply of product A 
= the demand for factor F 
• Pji ~ ^he net prices of the enterprises in the model 
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... = the levels of fixed resources 
^1 * *• ~ the column vectors of technical coefficients of 
production for all the enterprises under 
consideration 
Pri ... = the prices of the factors of production 
In the above formulations [2.18, 2.19], the quantity of the product 
supplied and the quantity of resource demanded are not just a function of 
the prices of output and resource, but the model also considers the array 
of alternative production enterprises competing for the limited factors 
of production. However, since they relate to the present asset structure 
and technological coefficients of the farm, the analysis is essentially 
static in nature. 
Farmers operate in a dynamic world in which not only prices but also 
technological and resource availability change over time. Also, to expect 
the prices of other products or factors to remain constant while the price 
of one product or factor changes is strictly a short-run phenomenon; It 
assumes complete independence between products or factors, a situation not 
often found in agricultural industry. In practice many products or factors 
have competitive, supplementary and complementary relationships in the 
production process. For example, a reduction in crop production may free 
capital for livestock production, but the increase in labor for livestock 
production may more than balance the labor given up in crop production, 
with the result that the total demand for farm labor increases. Similarly, 
an Increase in the price of maize, for example, may lead to an increase in 
its production, resulting in increased demand for fertilizer whose price 
may consequently rise. 
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Over time, therefore, there are many possible combinations of product 
and resource prices. The formulation of an appropriate long-run price 
and resource policy requires an understanding of both the short-run and 
long-run effects of price changes on resource demand and product supply. 
The above model can be modified somewhat to generate supply and demand 
functions with respect to changing resource base, skill, advanced tech­
nology and varying combinations of output and resource prices. This could 
be achieved partly through a combination of variable price and resource 
programming model. 
1. Evaluation of the farm firm linear programming approach 
The farm firm approach outlined above, while not a completely satis­
factory tool by Itself, overcomes some of the shortcomings of the regres­
sion approach to supply and demand estimation. Some of the data required 
are readily available from research stations, farm records or farm survey. 
It has the additional advantage of generating the profit maximizing farm 
organization and thus the optimum adjustment path as economic and technical 
conditions change. In this respect it provides the relevant farm manage­
ment information crucial to agricultural planning. The analysis can also 
show the interdependence among enterprises with respect to changes in 
relative price ratios of different products and factors. This point Is 
Important in the formulation of farm production programs and Illustrates 
the advantage of linear programming over the regression analysis approach. 
Using the linear programming approach, future planning exercises 
can rely not solely on the creation of series of new Inputs but also on 
the full and proper utilization of the existing resources at the farm 
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level. The most important advantage of this approach is its suitability 
for estimating supply and demand functions in an environment where no time 
series data exist. Within the framework of the existing pattern, and with 
appropriate modifications in the data and/or constraints, linear program­
ming models could be used to simulate the response of producing unit to 
new variables or other anticipated changes irrespective of their historical 
relevance. These and other advantages explain the selection of this 
approach, in preference to the regression approach, as the tool of analysis 
in the empirical analysis section. 
The actual price response is a component of the responses of two 
categories of farmers; 1) those already using the resource or producing 
the product in question but merely increasing their scale of operation or 
intensifying the use of the resource in response to changes in prices, 
and 2) those who are induced to start using the resource or producing the 
product probably due to cost or revenue advantage. The derived demand 
and supply functions do not capture the potential response of new users of 
the resource or new producers of the product in question; the actual magni­
tude of the price response may therefore be underestimated. However, the 
extent of the shifts in enterprise combination as relative prices of 
resources and products change could be taken as a proxy indicator of the 
price response to be expected from newcomers. 
2. Problems relating to the construction and aggregation of farm firm 
supply functions 
The representative or benchmark farms form the unit of analysis In 
previous supply and demand studies based on linear programming (32, 34, 
36, 40). The group or regional supply estimate is obtained by a horizontal 
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summation of the representative farm supply functions. The steps in the 
representative farm model can be summarized as follows : 
1) The population and the commodity for which supply estimates are 
desired are defined. 
2) Data are collected on a fairly large sample basis on the resources, 
costs and alternatives found on the individual farms in the 
universe. 
3) All the sample farms are stratified into smaller groups in order to 
identify a benchmark farm. In certain situations the delineation 
of "average" farm may be appropriate but, in general, specific 
factors are used as the criteria for stratification. 
4) A linear programming model is developed for each representative 
farm of the group and its supply function is estimated by 
parametric programming techniques. When the groups are large, 
many representslivt?. farms within each group could be delineated. 
5) The supply estimates for all groups are summed horizontally to 
obtain the supply functions for the universe. 
In the above steps, 3 and 5 are the major problem areas on which many 
research workers (2, 8, 9, 12, 39, 47, 51, 53) have devoted considerable 
attention. The two interrelated questions which they have attempted to 
answer can be summarized as follows : 
1) Hot-7 can the representative farm be constructed such that the 
summation of the programmed results give a supply function 
similar to that obtained if all farms in the universe were 
sampled? 
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2) How can the aggregation bias^ arising from the process of 
aggregation be reduced? 
The sources of error and the various remedies which have been proposed 
can be grouped under sampling and stratification errors. Both of these are 
components of aggregation error. 
a. Sampling error Sampling errors are associated with sampling 
procedures. Inasmuch as it is difficult, and sometimes impracticable, to 
survey the entire universe due to financial and personnel limitations, 
sampling error cannot be completely eliminated. Even when the best sampling 
technique and aggregation procedure have been used, a variety of factors may 
still affect the supply response of Individual farmers, causing the actual 
supply response to diverge from the estimated production response. Such 
factors may include: 
1) Physical environment such as climate and topography. 
2) Institutional restrictions such as markets and government 
regulations. 
3) Motivational forces, including risk aversion and demand for 
leisure. 
4) Management ability. 
5) Resource endowments and mobility. 
The aggregation procedure itself has often been criticized for the restric­
tive assumptions such as independence of farms' supply behavior, equal 
length of runs for all farms and uniformity of response by all producers. 
^Frick and Andrews (12) defined aggregation bias as the difference 
between the area supply functions as developed from the summation of 
linear programming solutions for individual farms in the area, and summa­
tion for a smaller number of typical benchmark farms. 
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b. Stratification error Stratification error arises when the 
representative farms do not truly represent the conditions that actually 
exist in the group or universe which the benchmark farms represent. It is 
generally difficult to define farm production criteria which are truly 
representative of the decision making process of all the farms in the 
group. 
The conventional method of benchmark farm construction utilized such 
factors as : 
1) Farm type or combination of enterprise classification 
2) Farm type cropland classification 
3) Farm size classification 
4) Efficiency classification of profit per acre, labor and capital 
productivity, etc. 
Previous research studies have shown that these methods lead to varying 
degrees of aggregation bias (12, 51). 
The "average" farm approach has sometimes been used as the unit of 
linear programming analysis. This involves the collection of data from 
sample farms in the population and using the means of resources, input 
output and net price coefficients as the basis for programming analysis. 
Frick and Andrews (12) compared four methods of summing farm supply 
functions. They found that programming one representative farm computed 
as the mean of the resources of 51 farms gave the largest amount of 
aggregation bias. Day (8) and Hartley (16) demonstrated the weakness of 
the averaging process by showing that the supply function for a hypotheti­
cal farm with average resources differs from an average of the supply 
functions for the individual farms in the group. 
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Recognizing the problem of completely eliminating aggregation bias. 
Day (9) suggested that a more realistic goal is to hold aggregation 
error to an acceptable level partly by stratifying farms into much smaller 
typical farms. He proposed three sufficient conditions for exact aggre­
gation as follows : 
1) Proportional variations of resources and behavioral bounds. 
2) Proportional variations of net return expectations among all farms 
In the aggregate. 
3) Common technical coefficients which appear in the constraints of 
the farmers' decision. 
He used the duality theorem to show that the individual farms in the 
aggregate can exhibit wide variations in scale, resources and expected net 
returns, but will still give exact aggregation as long as these variations 
are proportional. 
Farm resource supply situation has been widely explored as the basis 
of classification. Bolton (3) recommended resource mapping to identify 
resource changes of homogeneous ontimum urograms followed bv the grouping 
of farms with resources falling within the area defined by these ranges. 
In Frlck and Andrews' (12) study referred to earlier, they concluded that 
grouping farms according to the most limiting resources provided a 
practical solution to the problem of reducing aggregation bias. They 
found that the homogeneous restriction method based on most limiting 
resource reduced bias most. They noted, however, that this method ignores 
size since it sorts individual farms only on the basis of the order in 
which resources become restrictive. The method also has limitation when 
the study of supply responses involves more than one product, in which 
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case large number of benchmark farms would be required to develop the 
order in which resources become restricting for each product and the 
products jointly. Sheehy and McAlexander (51) suggested somewhat similar 
method to Frick and Andrews. They used homogeneous restriction method 
(which made use of the level and productivity of resources in the sample 
farms) to show that aggregation error could be considerably reduced by 
selecting farms on the basis of estimated resource restrictions. 
Barker and Stanton (2) also demonstrated that the supply function 
for benchmark farms constructed by averaging the resources of a group of 
farms with different absolute resource restrictions would be biased to 
the right, and the expanded output would overestimate the aggregate 
output. This can be demonstrated as follows. 
Suppose there are two farms, A and B, with the following resource 
situation: 
Farm A 100 units of capital 50 units of labor 
Farm B 100 units of capital 150 units of labor 
Suppose it requires 10 units of capital and labor each to produce a unit 
of output, Y. The initial resource endowment shows that labor determines 
the maximum amount of output that could be produced on farm A while 
capital determines the maximum amount of output that could be produced on 
farm B. When programmed separately, the production possibility for both 
farms is as follows : 
Farm A 5 units of Y 
Farm B 10 units of Y 
Total units of output = 15 
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Suppose these resources are averaged for both farms, the representa­
tive or average farm resource situation would have 100 units of capital 
and 100 units of labor, resulting in a production possibility for 10 units 
of Y, which when multiplied by 2, the number of farms, gives 20 units of 
Y. Thus, the aggregate output is biased upwards by 5 units of Y. The 
degree of the bias will, to some extent, be related to the number of farms 
representing the population. 
Barker and Stantcn (2), like Sheehy and McAlexander (51), arrived at 
an unbiased aggregate result by stratifying farms into groups with the 
same absolute resource restrictions. Using this procedure, it was made 
clear that 
the differences in the output of commodity from farm 
to farm would be proportional to differences in the 
restricting resources. The benchmark farm of average 
resources overestimates output of individual farms with 
less than average level of resources by the same amount 
as it underestimates output on farms with more than the 
average level of resources. (2) 
This result is valid so long as the absolute restriction common to the 
individual farm, is operative on the benchmark farms, and as long as the 
same resource restrictions are operative over the entire price range of 
the commodity supply. 
c. Concluding remarks We recognize that the usefulness of a 
representative farm approach in estimating supply is determined by the 
manner in which the representative farms are constructed. The more repre­
sentative the benchmark farms the smaller the aggregation bias and, 
therefore, the more reliable the resulting supply function for policy and 
projection purposes. The marginal reduction in aggregation bias declines 
as more representative farms are included in the model (39). 
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It is obvious from the above exposition that the choice of stratifi­
cation factors to use in a particular research situation is always 
difficult to make. It requires a thorough knowledge of the enterprises, 
the agricultural practices of the population and the main relationships 
that determine the optimum solutions of the linear programming models 
being used. More specifically, the factors used for classification must 
be considered in relation to the production pattern of the products and 
the structure of farming in the area. The size of farm and the resource 
level may be more important determinant of what farmers produce or how 
they respond to changing conditions. It should be realized, however, 
that more detailed stratification Increases accuracy only to the extent 
that it is based on those factors that influence the existence of certain 
enterprises on the farm (39). Invariably, almost all methods require a 
lot of preclassification programming exercises in order to identify the 
important variables likely to influence aggregation error. 
The choice of benchmark farm construction may sometimes depend on 
the purpose for which the results are to be used» Ifj for example, the 
purpose is to describe the resource, costs and return situation of a 
specified population of farms, a simple averaging process, together with 
the estimation of variance, may be adequate. In some cases the research 
objective may not be centered on the estimation of aggregate supply. 
Rather, it may focus essentially on identifying the direction of farm 
adjustments or expansion path and/or on estimating the degree of farmers' 
response to changing price and resource levels in a given area. The latter 
is the objective of this study and provides a reasonable justification for 
the less rigorous, but more feasible, method of benchmark farm construction 
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used in this study. Even when the estimation of aggregate supply function 
is the objective, we must recognize the trade off between the benefits of 
a reduction in aggregation bias, achieved through a rigorous construction 
of benchmark farms, and the costs (both in time and money) of reducing 
aggregation bias. 
3. Estimation of elasticity from step functions 
The linear programming formulation generates step supply and demand 
functions depicted in Figures 1 and 2 respectively. Burt (4) defined 
a step function as a function such that the range is divided into finite 
number of intervals with the independent variable constant on a given 
interval. The optimum solutions and price ranges for all steps in the 
supply and demand function can be represented by Equations 2.20 and 2.21 
respectively. 
f(Pl) 
f(M.V.P) = 
0 for 0 - ?! - MC 
la 
Xla for MCia " ?! " ^=1^ 
% for MCib - Pi - MCic 
[2 .20]  
X-c for - Pi 
0 for 0 - M.V.P - MC 
2a 
*28 for MCg, 2 M.V.P 2 
[2.21] 
for MCgb - M.V.P - MC^^ 
X2c for MCo„ - M.V.P 2c 
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Figure 1. Farm firm step supply function 
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Figure 2. Farm firm step demand function 
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MC^ Is the marginal cost of producing is the price of , 
M.V.P is the marginal value productivity of X2 and MC2 is the price per 
unit of resource X2 which is assumed to vary directly with the quantity 
demanded. The range of the vertical segments of the supply and demand 
functions is based on profit maximizing criteria = MR _ MC^ and 
M.V.P _ MCg respectively. 
The optimum cropping program, and therefore the optimum quantity of 
product, holds for all the prices included within the vertical portion of 
any one step. The number of steps and corners is a function of the number 
of alternatives and restricting resources. The inclusion of more activi­
ties and more restrictions usually give rise to a normative supply or 
demand function with more and smaller steps (31). 
Interest in supply and demand studies oftentimes centers not only on 
the quantitative estimation of supply, but also on estimating quantitative 
measures of elasticity useful in agricultural policy formulations. Step 
functions are not particularly useful for deriving meaningful elasticities 
as in smooth, continuous functions derived from classical marginal 
analysis. Over a range of prices, the degree of response can vary widely 
from no response to large jumps in response, and it is difficult to 
generalize such responses into a single elasticity measure (4, 5, 30). 
Also, the magnitude of elasticity is highly dependent upon the segment of 
the curve for which the elasticity is computed and the range over which 
the demand or supply is perfectly elastic or inelastic cannot be 
determined a priori (4). In other words, we cannot derive any meaningful 
point elasticity from a step function. 
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Many methods have been used to obtain smooth, continuous function 
from step function. Ladd and Easley (34) and Dean et (10) used free 
hand method. Another method is to use the solution quantities and their 
corresponding prices as the data for a least squares regression analysis 
to estimate a continuous function (5, 32). It is assumed that the mid­
points of the vertical portions of the steps are more stable with respect 
to price changes and are therefore used as observation points for fitting 
the estimating equation (32, 40). However, since such data do not meet 
the assumptions of normality and independence, statistical inference and 
probability statements cannot be made (5). 
Recognizing that the intervals of constant magnitude for the dependent 
variable are usually of unequal length, Burt (4) raised an objection to 
this approach because it gives all magnitudes of the dependent variable 
equal weight regardless of the length interval between points of discon­
tinuity. He suggested that the apparent lack of weighting to account for 
variable length steps could be corrected by specifying observations at 
equally spaced magnitudes of the independent variable. Thus, a relatively 
long step could be the value of the dependent variable for several values 
of Independent variable. 
Even though the smoothing process of the step function enables us to 
derive precise measure of elasticity, much of the intrinsic behavior of 
the farmers would be obliterated. Accordingly, it would be advisable to 
retain the steps for purposes of correct and practical decision making at 
the farm level (30). 
In conclusion, it is hard to disagree with Dean et al. (10) who 
maintained that rather than advocate the intiafarm approach over 
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alternative methods, the results from all methods of analysis appear to 
be complementary and, taken together, should provide a more comprehensive 
understanding of supply and demand phenomena. 
C. Conceptualizing Output Increasing Policy Models 
1. Introduction 
Some of the most important objectives of national agricultural 
development in many developing countries are 1) to increase the overall 
supply of agricultural products so as to keep supply in pace with ever 
increasing exogenous and/or endogenous growth in demand, and 2) to 
increase farm income with the ultimate objective of improving the standard 
of living of rural population. Different policy measures are in use to 
attain these goals and the search for an effective or the combination of 
the most effective and economic measures still continues. Besides the 
introduction of improved production methods and better quality stock and 
planting materials through research and extension organizations, it has 
been found necessary to supplement these activities with price and other 
policies. 
Price elasticities of resource demand and product supply form the 
basis of many policy manipulations. Price elasticity of supply measures 
the response of output to changes in the price of output. When two 
commodities are involved, the cross-price elasticity measures the response 
in supply of one commodity with respect to a change in the price of the 
other. Similarly, the price elasticity of demand for a resource measures 
the proportional change in the demand for that resource in response to a 
proportional change in its price. Cross-pricc elasticity of resource 
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demand measures the substitution relationship between two inputs with 
changes in their relative prices. 
The magnitudes of these elasticities provide direction or price 
support for inducing an increase in the overall supply, or for stimulating 
increased production of certain commodities. Other things equal, a high 
price elasticity of supply implies a high increase in supply for a given 
percentage rise in price while a high (negative) price elasticity of 
resource demand Implies a high resource demand for a given percentage 
decrease in price. While output price support provides a direct route 
to increased supply of output, input price support provides an indirect 
route. For the latter we have to rely on the long established farm 
management principle that, up to a certain limit, an increased use of 
input resources leads to a larger scale of operation and therefore larger 
volume of output. Accordingly, any policy measure which leads to farm 
intensification and/or larger scale of operation will invariably achieve 
a similar, but not necessarily equal, effect as output price support. 
In the remaining part of this chapter^ we present some simplified 
mathematical relationships which form the basis of current policies. 
Since our interest centers around the mechanism of the policy models, 
we skipped the derivation of supply and demand functions from production 
functions. We assume an understanding of these derivations and simply 
discuss the mechanisms. The Cobb-Douglas production function was assumed 
for ease of exposition. 
In the presentation of the policy models, we make the following 
simplifying assumptions. First, we assume that the prime objective is 
to Induce increased product supply and resource demand — an important 
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objective in many developing countries. Second, we assume that farmers 
are not only price responsive but will also react favorably to measures 
designed to relax production expansion constraints. Lastly, we assume 
the existence and continued recognition of research and extension 
activities, both of which modify farmers' production functions, as basic 
instruments of agricultural development. 
a. Output price support policy The basic product supply and 
resource demand functions derived from a Cobb-Douglas production function, 
Y = aX^, can be represented by Equations 2.22 and 2.23 respectively. 
-1 b/l-b 
Y = a[abPx^Py]»'^ [2.22] 
X = [2.23] 
where 
Y = output 
P^ = price of input 
Py = price of output 
b = elasticity of production 
Suppose the producer price is increased by APy while the price of input 
and technology remain constant. The profit maximizing level of input 
increases as Indicated by the additional term AP^ in Equation 2,24, 
X = [a-P;l(P + APv)]l/l-b [2.24] 
y  J  
The supply of output correspondingly increases as shown by [2.25]: 
Y = a[abP;l(Py + APy)]l/l"b [2.25] 
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Thus, an Increase in the price of output resulted in increased use of 
Inputs with corresponding increase in the supply of output. A reduction 
in the price of output by APy, keeping technology and input price constant, 
will produce the opposite effect. 
b. Input price support policy In the same way we can conceptual­
ize the effect of changing input price on resource demand and product 
supply in [2.26] and [2.27] respectively. 
X = [ab(P^ - [2.26] 
Y = a[ab(Px - APx)"lpy]b/l-b [2.27] 
The optimum quantity of resource used in [2.26] is greater than the 
quantity in [2.23]. Other things equal, the effect of a reduction in the 
price of input relative to output price is to induce increased use of 
resource with consequent increase in the volume of output. 
The policy models outlined above are based on certain simplifying 
assumptions which are not always true in practice. Based entirely on 
profit maximizing objective, the supply and demand functions are normative, 
indicating how farmers should behave to maximize farm income. Essentially 
they do not always approximate the true functions for reasons which 
include internal and external capital rationing, limited nature of farm 
resources, uncertainty, lack of information about better farming tech­
niques , all of which lead to underutllizatlon of resources in peasant 
agriculture. Also, many farmers have other objectives which are completely 
at variance with profit maximization motive; for example, the desire for 
guaranteed income in peasant agriculture (43, 45). 
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We can modify the profit maximizing behavior somewhat to reflect the 
negative impact of these constraints on resource demand and product 
supply. The third model is accordingly a variant of the first two. 
the extent to which the profit maximizing behavior of the farmer is 
modified by the above institutional self-imposed constraints. Specifi­
cally, the magnitude of k would reflect the impact of government or other 
institutional efforts to minimize the negative effect of the constraints. 
We assume that when k is unity the farmer behaves like the ideal profit 
maximizer, having no constraints, real or subjective, which limit the 
extent of input utilization. When k > 1, there is a prevailing tendency, 
as in U.S. agriculture, to overinvest in agricultural input with conse­
quent surplus capacity and supply of output. When k < 1, there is a 
tendency to underinvest in or underutilize factors of production with 
consequent low product supply. This is the situation that characterizes 
farmers in many developing countries where inadequate credit supply, lack 
of skill, etc. precipitate themselves in suboptimum scale of operation. 
We can incorporate k into the basic profit maximizing conditions and 
represent the equilibrium condition by [2.28] or [2.29], the resource 
demand function by [2.30] and product supply function by [2.31]. 
c. Institutional support program Let k be a constant reflecting 
kMPP.P, y P [ 2 . 2 8 ]  V 
or 
k(abxb-l)Py = 
X = [abkp-lp^]b/l-b 
X y 
[2.29] 
[2.30] 
Y = a[abkP"^P ]b/l-b [2.31] 
X y 
where MPP is the marginal physical productivity of input and the other 
terms are as defined before. 
Suppose the farmers are price takers in both the product and factor 
markets (in which case P and P are given). Given the magnitude of k, y * 
the only thing that changes to reflect over or underutilization of 
resource in [2.28] or [2.29] is the MPP. If, for example, k is such that 
the prevailing conditions stimulate the use of resources beyond the 
optimum point, the MPP of the resource will fall in the same proportion 
to a rise in k above the optimum in order to maintain equilibrium. 
From [2.30] and [2.31] we could see that demand and supply are 
functions of technology, as reflected by the MPP, prices of input and 
output, and now k. To be sure, the demand and supply functions are still 
normative, but they are normative with respect to the individual farm's 
(or groups of farms) production circumstances and, therefore, more 
realistic. If k is observed over time, its magnitude will reflect an 
upward trend, approaching unity as a country makes economic progress and 
modernizes its agricultural development policies. 
It is not too difficult to obtain an accurate measure of k in time 
series or cross-sectional data; the degree of deviation of the value mar­
ginal product (VMP) from resource price could be used as a proxy. If 
linear programming is used to estimate demand and supply functions, 
however, the extent to which the magnitude of k is modified could be 
reflected in the objective functions, the input output coefficients and 
the constraints of the model. For example, the extent to which the 
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government has Improved land tenure structure could be reflected in the 
limit on available land as production expands. Similarly, the limit on 
borrowed capital may partly reflect the cost of capital as well as the 
relaxation of self-imposed restriction on borrowing achieved through 
education and economic motivation. Also, the objective of meeting 
certain minimum living expenses, or insuring sufficient food production 
for the family, could be reflected in the limit placed on the choice of 
enterprise combination. To the extent that all the real and behavioral 
constraints, which determine the magnitude of k, are correctly reflected 
in the objective functions, the technical coefficients and the specifica­
tion of the constraints for the farm firm, the estimated functions will 
approximate the true demand and supply functions. 
The prices of output and input equated, policy measures designed to 
modify the magnitude of k include timely supply of credit. Improved 
information system and land tenure structure, increased resource base, 
and provision of infrastructures. These are both short-term and long-term 
measures designed to induce increased output through faster structural 
adjustment and improved allocative efficiency (18, 44). In Chapters IV 
and V we investigate the potential influence of some of these measures on 
agricultural production. 
We have thus far examined the relevant analytical techniques and 
conceptualized the three popularly used policy models. As a prelude to 
the empirical analyses, we next examine the structure of agricultural 
production in the study area. 
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III. STRUCTURE OF AGRICULTURAL PRODUCTION IN THE STUDY AREA^ 
A. Introduction 
The data that quantify this and the next chapter were obtained from 
an extensive agro-economic study of three villages — Doka, Hanwa and Dan 
Mahawayi — in Zaria province during the period 1966 to 1967. 
The Zaria survey is part of a larger study carried out in four 
northern states — Northwest, North Central, Northeast and Kwara. It was 
designed to overcome the paucity of data on the economics of peasant 
farming practices, as well as provide basic information for farm planners 
and agricultural policy makers. Input output data were obtained from 124 
randomly selected farm families in the three villages. Farmers were 
interviewed twice weekly throughout the year in order to obtain relevant 
information on their farm activities expenditures, labor utilization, 
yields, and sales. 
The study area is situated in the northern guinea savannah zone with 
typical savannah woodland vegetation. There are distinct seasons, 
the dry and the wet seasons. The wet season usually begins around March 
or April and lasts for about 145 to 185 days. The main annual rainfall 
varies from 38 inches to about 50 inches. 
The study area is agricultural in nature and farming is predominantly 
traditional. By 1952 about 75 percent of the population was engaged in 
agriculture while about 7 percent of the total land area was under 
^This chapter draws heavily from the report by D. W. Norman. An 
economic study of three villages in Zaria province: input-output 
relationship. Samaru Miscellaneous Paper 33. 1970. 
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cultivation. Though this proportion might have changed over the years, 
there is still considerable scope for scale expansion if and when the 
opportunity arises. The system of cultivation relies heavily on 
traditional hoes and cutlasses. Animal power and heavy equipment are 
almost nonexistent while fertilizer and seed dressing are sparingly used 
in the area. 
The average size of holding in the study area was 9.75 acres. Two 
types of farm land can be differentiated: 1) gona or upland areas which 
are cultivated only during the wet season and 2) fadama or lowland areas 
which are permanently wet and can support certain crops throughout the 
year. Table 1 shows the distribution of the average size between the two 
types of land in the survey area. 
Table 1. Land use and distribution of average farm 
Type of land Total acres Cultivated acres Fallow 
Upland (gona) 8.76 7.47 1.29 
Lowland (fadama) 0.93 0.83 0 , 1 6  
Total 9.75 8.30 1.45 
The fadama land supports high value, labor intensive crops like 
sugarcane, rice and onions while the gona land supports low value and less 
labor intensive crops such as millet, guinea corn, cotton and groundnuts. 
B. Farm Labor Force 
Family farms predominate in the study area and the family provides 
the bulk of the farm labor force. The average size of the family in the 
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study area comprises of seven persons. The composition of the average 
farm family in the survey area is shown in Table 2. 
Table 2. Composition of average family in the study area 
Proportion of Number in 
Kinds male adults family 
Male adults (15 years or more) 1.00 2.00 
Female adults (15 years or more) 0.75 2.00 
Large children (7-13 years) 0.50 1.00 
Small children (less than 7 years) 0.00 2.00 
Total 7.00 
On the average 82 percent of the farm work is undertaken by the 
family labor; the male adult labor accounts for 89 percent of the total 
family labor input. Family labor is often augmented by hired labor during 
peak labor demand. There is a high correlation between the size of farm 
and the amount of hired labor used by the individual families. There is 
usually a marked seasonal peak in labor requirement as shoï-jn in Table 3. 
Table 3. Average wage rate and labor distribution by month (man-hours^) 
Family Hired Wage rate 
Month labor labor Total (shillings/man-hour) 
January 89.89 16.10 105.99 0.49 
February 65.07 12.03 77.10 0.57 
March 41.50 6.72 48,22 0.51 
April 144.09 28.31 172.40 0.56 
May 262.36 36.77 299.13 0.56 
June 294.07 29.05 323.12 0.52 
July 268.42 38.51 306.93 0.56 
Augus t 236.80 36.60 273.40 0.57 
September 181.44 29.63 211.07 0.59 
October 177.40 33.62 205.02 0.53 
November 193.30 25.31 218.61 0.42 
December 120.60 19.51 140.11 0.41 
Total 2068.94 312.16 2381.00 
^An adult male works for an average of 5 hours a day. 
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About 50 percent of the total man-hour input on the family farm 
occurred during the period May to August inclusive while December to 
March accounted for only 16 percent of the annual labor input. There 
is also a seasonal fluctuation in the level of hired labor as shown in 
Table 3. The wage rate also follows a seasonal pattern, being relatively 
high during peak demand and low during the slack periods. The amount of 
land that a family can handle during the peak period largely determines 
the level of agricultural activities during the remaining part of the 
year. Accordingly, labor is a more limiting resource than land and the 
main labor management problem in the study area is the bottleneck in 
farm labor demand resulting from seasonality of farming activities. 
C. Farm Capital 
The two main sources of capital are savings and credit. The pre­
dominance of subsistent farming and the consequent low level of farm 
income militate against capital accumulation while debt aversion and 
exhorbitant rate of interest limit the use of funds from local money 
lenders. Capital is the most limiting resource i;i the study area. Its 
scarcity is reflected in the low level of inputs used in production. 
Table 4 shows the capital outlay by month. 
D. Kinds of Crops and Pattern of Cropping 
The climate of the study area is suitable for the production of a 
variety of crop enterprises. Twenty-four different crops were grown 
during the period covered by the survey. The crops were either grown as 
sole stands or crop mixtures planted in a systematic spacial arrangement. 
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Table 4. Capital outlay in the study area by month 
Capital expenses (shillings) 
Organic Inorganic Hired 
Month Seeds fertilizer fertilizer labor Total 
January __ 8.47 8.47 
February 72.04 2.49 —  —  5.31 79.84 
March 2.49 3.74 6.23 
April 6.98 — —  1.25 17.51 25.74 
May 14.12 — 22.00 36.12 
June 27.97 — —  — —  15.60 43.57 
July 18.92 — —  —— 19.17 38.09 
Augus t 0.08 — —  16.85 16.93 
September — —  15.60 15.60 
October — —  — —  19.75 19.75 
November 0.08 — —  9.96 10.04 
December —  —  — — —  7.97 7.97 
Total 140.98 4.98 1.25 161.93 308.35 
The system of growing two or more crops together at the same time and 
on the same piece of land is termed intercropping. The reasons for inter­
cropping in the study area are either technical or socioeconomic or both. 
Technical reasons include the mutual benefit derived by the crops in the 
mixture, soil protection, reduction in the incidence of disease and insect 
attack. For example, cowpeas are more susceptible to insect attack when 
cultivated sole than when cultivated in a mixture. Socioeconomic reasons 
for intercropping include the need to maximize returns to the limiting 
factors, especially land and labor, the need to obtain higher output and 
the need for security. Intercropping provides a form of crop diversifica­
tion, a strategy widely recognized as crucial to survival in peasant 
farming. 
The 24 crops found in the study area were grown in a total of 200 
different crop combinations. Sole cropping accounted for 23 percent of 
41 
the total cultivated acreage (980 acres) while 77 percent (755 acres) was 
planted with different crop mixtures. There was a preponderance of two 
crop mixtures although as many as three to six crops could be found in a 
mixture. Of the 755 acres devoted to crop mixtures, millet/guinea corn 
mixture accounted for about 30 percent. Table 5 shows the average acreage 
of different sole and crop mixtures in the survey area. 
Table 5. Average acres devoted to different crop enterprises 
Crops Crop enterprises Gona Fadama Total 
1 Guinea corn GC 0.42 0.42 
Groundnuts GN 0.18 0.18 
Cotton CT 0.22 0.22 
Sugarcane SC 0.51 0.51 
Not specified 0.23 0.22 0.43 
2 Millet/guinea corn ML/GC 1.98 1.98 
Guinea corn/groundnuts GC/GN 0.24 0.24 
Cotton/cowpeas CT/CW 0.20 0.20 
Not specified 0.76 0.08 0.84 
3 Millet guinea corn/groundnuts ML/GC/GN 0.57 0.57 
Millet/guinea corn/cowpeas ML/GC/CW 0.34 0.34 
Cotton/cowpeas/sweet potatoes CT/CW/SP 0.16 0.16 
Not specified 0.70 0.02 0.72 
4 Millet/guinea corn/groundnuts/ 
ML/GC/GN/Cw cowpeas 0.03 0.03 
Not specified 1.05 0.01 1.06 
5 Not specified 0.25 0.01 0.26 
6 Not specified 0.14 0.14 
Total 7.47 0.83 8.30 
Six crops accounted for 84 percent of the total crop acreage in the 
survey area. Three of these — millet, guinea corn and cowpeas — are 
essentially food crops while groundnuts, sugarcane and cotton are cash 
crops. Table 5 shows that grain, legumes and vegetables are usually 
grown in mixtures while sugarcane is generally grown sole. 
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Many reasons have been advanced for the persistence of crop mixtures 
over the years. It enables maximum use to be made of the available land 
while maximum returns often accrue to the factors of production, especially 
land and labor. Though the labor input is generally increased, total yield 
per acre is correspondingly increased. Tables 6 and 7 show the yields and 
the net returns per acre, respectively, from different sole and crop 
mixtures. 
Table 6. Average yield per acre in pounds (Indigenous technology) 
ML/ GC/ CT/ ML/GC/ ML/GC/ CT/CW/ ML/GC/ 
Crops GC GN CT GC GN CW GN ÇW SP GN/CW SC 
ML 320 
GC 701 685 253 293 357 326 
GN 524 390 263 637 334 
CW 87 347 66 383 
SP 149 173 124 
CT 190 192 144 
SC 12316 
Table 7. Average net returns per acre (shillings) 
Crop enterprises Net return 
GC 178.39 
GN 158.68 
CT 67.47 
SC 649.75 
ML/GC 263.45 
GC/GN 180.57 
CT/CW 91,19 
ML/GC/GN 274.45 
ML/GC/CW 300.40 
CT/CW/SP 83.78 
ML/GC/GN/CW 322.88 
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The average yields of some crops, GC, GN and CT, are depressed when 
grown In crop mixtures rather than sole. Possible explanations for 
depressed yields include 1) competition for nutrients, space and light 
and 2) lower plant density of individual crops. However, the depressed 
yields of individual crops are more than compensated for by the higher 
total population density with consequent greater total yield per acre. 
From Table 7 it is clear that with the exception of SC, the net returns per 
acre of a few crops grown in mixture were much higher than crops planted 
sole. In general, the enterprises containing cotton as one of the main 
crops gave lower net returns per acre while cereals and legume based crops 
and crop mixtures gave much higher net returns per acre. The profitability 
of crop mixtures was about 60 percent higher than that from sole crops. 
E. Farm Objectives and Farm Income 
Security and profit maximization were found to be the two relevant 
goals in the study area. While the provision of food for the family is 
generally given a top priority, it was found that the pattern of resource 
allocation is consistent with profit maximization objective (41). Norman 
(43) attributed the planting of cotton in mid-July, as against the 
recommended time of mid-June, partly to the need to insure food supply for 
the family. The labor demand for food crops received top priority and it 
was only after this requirement had been largely met that attention was 
given to commercial crops. 
Many of the farm families in the study area have two sources of 
income — farm income and off-farm income. The average income per family 
was about 1860 shillings per annum with a range between 900 and 3240 
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shillings per farm family. From the Rural Economic Research Unit (RERU) 
studies, the average net farm income was 1620 shillings per annum. With 
the exception of a few farmers who own cattle, livestock production made 
no significant contribution to farm income. 
The level of farm income is very low compared with nonagricultural 
Income in the area. The reasons for the low level of farm income include 
small size of farm, lack of credit facilities for farm business expansion 
and low level of technology. In fact, the low level of Income was 
identified as one of the causes of the low level of adoption of many 
economically and technically proven innovations. For example, recommenda­
tions such as the use of fertilizer and seed dressing have not been widely 
adopted largely because farmers lack the capital and technical skill 
essential to their application. 
Despite these limitations and the dominance of security goal, there 
are indications that the farmers behave rationally and will respond favor­
ably to genuine economic Incentives. Hence, the initiation of an extensive 
and well organized credit system and the intensification of the existing 
extension education will enhance the modernization and continued growth of 
peasant production in the study area. Credit facilities would enable the 
farmers to adopt small technological innovations which could Increase 
agricultural production and farm Income. Also, tax and price policies 
(e.g. increased producer price and input price support), when sensibly 
applied, may shift the terms of trade in favor of farm producers, thus 
enabling them to initiate or adopt Improved practices. The quantification 
of the effect of these and other policy changes on farm income, supply 
45 
of output, demand for resources and the farming system in the study area 
is the focus of attention in the next chapters. 
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IV. PROGRAMMING MODELS FOR THE STUDY AREA 
A. Introduction 
The basic approach to the problems of rural areas adopted by RERU 
could be divided into four Interrelated phases: 
1) The positive phase which focuses attention on the determination 
of what the farmers are doing. 
2) The hypothesis testing phase which seeks to explain and 
rationalize farmers' behavior. 
3) The normative phase which is designed to determine what farmers 
ought to be doing to attain certain desired objectives. 
4) The policy phase which examines and suggests different feasible 
measures for bridging the gap between what farmers are actually 
doing and what the normative phase suggests they should be doing. 
The first two phases have been fully covered by the RERU studies and 
the findings which are relevant to this study were summarized in the last 
chapter. In that chapter the emphasis was on the analysis of the charac­
teristics of the average farm and the data needed for quantifying resource 
constraints, crop activities and other input output relationships. The 
information generated from these phases has provided an invaluable data 
base for a meaningful analysis of the last two phases to which this chapter 
is exclusively devoted. 
Specifically, we set out to accomplish this task, and thus part of the 
objectives of the thesis, by examining four closely interrelated linear 
programming models which are described later in this and the following 
chapter. While profit maximization is the assumed objective in determining 
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what fanners ought to be doing, we attempt to introduce some realism by 
maximizing the assumed objective function within the framework of the 
consumption habits, intercropping system and other socioeconomic factors 
characteristic of the study area. 
B. Restrictions in the Models 
Two kinds of restrictions were defined in this study — resource 
restrictions and subjective restraints. Land, labor and capital are the 
most important resource restrictions considered in this study while 
subjective restraints include the consumption habits, security goal, etc. 
The details of the derivation and the specification of the restrictions 
will be given under the different models. Hence, only a generalized 
resource restrictions of the study are discussed in the following pages. 
Two kinds of land are defined; the gona type with a maximum of 8.76 
acres, and the fadama type with a maximum of 0.99 acre. It is possible 
to rent or acquire more land If the need arises. 
Labor records provide the supply of labor available for production. 
Table 3 (Chapter III) summarizes the basic labor supply restrictions by 
month. 
The amount of operating capital available for production was derived 
by the same method used for labor. Table 4 (Chapter III) summarizes the 
basic capital restrictions by month. 
Niuagement is a limiting factor In peasant farming. Farmers in the 
study area are predominantly uneducated and have low mastery of improved 
technology. In this study, management restriction is reflected mostly in 
the kinds of improved technology introduced to the farmers in the area. 
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C. Activities in the Models 
Three groups of activities are defined in this study: 
1) The production activities, which compete freely for the available 
resources. 
2) Borrowing and hiring activities. 
3) Buying and selling activities. 
1. Production activities 
Of all the production activities germane to the agriculture of the 
study area, only eleven crop activities (4 sole and 7 crop mixtures) under 
indigenous technology and eight crop activities (6 sole and 2 crop 
mixtures) under improved technology are selected for investigation. The 
criteria for selection Include the relative importance of the different 
crops with respect to their contribution to food requirement and farm 
Income. Their importance is reflected in the proportion of total crop 
acre devoted to the different crops. Table 8 shows the percentage of the 
total cultivated acres (980.22) devoted to the different classes of sole 
and crop mixtures while Table 5 (Chapter III) shows a complete specifica­
tion of the crop enterprises considered in the programming exercises. 
Table 8. Percentage of total crop acre devoted to sole and crop mixtures 
Number of 
crops 
Percentage of 
total crop acre 
1 
2 
3 
4 
5 
6 
22.96 
39.10 
21.74 
11.18 
3.42 
1.60 
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When two or more crops are grown in a mixture, we define crop activi­
ties in terms of the crops in the mixture. For example, when millet and 
guinea corn are grown in a mixture, the enterprise is designated by ML/GC. 
Similarly, when a crop mixture consists of millet, guinea corn and ground­
nut, the enterprise is designated by ML/GC/GN. Should any of these 
enterprises enter the solution, the mixture will be grown on one acre. 
Crop mixtures comprising of more than four crops are not considered in 
this exercise because they form a small proportion of the total cultivated 
acres as shown in Table 8. 
2. Capital borrowing and labor hiring activities 
Although there is no formal loan program in the state, capital 
borrowing activities are Included in order to show the potential contribu­
tion of credit facilities to scale expansion and farm income. Farmers 
obtain loans from family and money lenders. While the loans from family 
or friends are interest free, the money lenders charge exhorbltant rates 
of interest, making this source very unattractive. 
Labor hiring activities are also Included in all the models to augment 
family labor during peak labor requirement. The wage rates were those 
ruling in the area during the survey period. 
3, Buying and selling activities 
These activities are of special interest because of the supply and 
demand responses to be investigated later in the study. The prices used 
in the basic program were those ruling in the study area during the survey 
period. 
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D. Technology and Technical Coefficients of Production 
Two kinds of technology were defined in the programming exercises: 
those currently being used in the study area (indigenous technology), and 
those known and commercially feasible but not as yet generally adopted 
(improved technology). 
The improved practices — improved seed varieties, application of 
fertilizer and seed dressing, early planting, and spraying — are con­
sistent with the government's policy on agricultural modernization, that 
is, emphasizing small changes in technology rather than highly advanced 
practices which are far beyond the fanners' finances and technical 
competence. The enterprises concerned are sole crops of maize, cotton, 
groundnuts and guinea corn, and two common crop mixtures ML/GC and 
ML/GC/GN. Both crop mixtures were found to account for 30.4 and 5.9 
percent, respectively, of the total crop acres devoted to crop mixtures. 
Table 9 shows the recommended quantities of inputs for the improved 
practices. 
The data that quantify improved practices in guinea corn were derived 
from a total of 120 demonstration plots conducted in Zaria province 
during a four year period 1965-1967 and 1970. Improved practices were 
introduced at two levels in maize (MZ) and cotton (CT). Hie level of 
inputs on malze^, MZ^, was a little lower than those recommended while the 
level for malzeg, MZg, was a good deal higher than recommended (Table 9). 
Recommended practices were used for both levels of cotton. The data for 
maize were obtained from studies carried out by RERU on the farmers' farms 
during the period 1969-1971. Figures for MZ^ were derived from a total 
Table 9. Recommended quantities of input for improved practices 
Input GC MZi MZ2 GN CTi CT2 ML/GC ML/GC/GN 
Seeds (pounds) 12 .22 30 
Seed dressing (packets) 2 3 4 
Fertilizer (pounds) 
Superphosphate 112 200 400 
Sulphate of ammonia 112 70 750 
Potash 100 
Spray chemical (pounds) 
Vetox 85 
30 4/5 4/ 1/44 
4 Fredressed Predressed 1 7 
84 112 
112 
112 
112 
131 
131 
111 
19 
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of 12 observation plots conducted in 1969 and 1970, while figures for MZg 
were obtained from a total of 5 observations carried out in 1971. The 
figures for cotton^, CT^, were obtained from RERU studies conducted on 11 
fields in 1971, while those for cotton2> CT2» were obtained from 10 
fields in the same year. The data for improved technology on groundnuts 
were derived from a total of 118 demonstration plots, while those for 
the crop mixtures were derived from RERU studies undertaken in 1969 and 
1970. The studies involved a total of 13 observations for each of the 
two crop mixtures and the practices were simple modifications of the 
recommended practices for the individual sole crops in the mixtures. 
Tables 10, 11, 12 and 13 show a summary of the average monthly 
capital and labor requirements per acre for the various enterprises under 
both technologies, while Table 14 summarizes the differences in labor and 
capital requirements and the net returns per acre for some enterprises 
under the two technologies. Table 14 clearly shows that while the labor 
and capital requirements per acre are relatively higher for enterprises 
under improved technology thâû those under indigenous technology, the net 
returns of the farmer are Just slightly higher than the latter. Also, a 
comparison of Table 15 with Table 6 (Chapter III) shows that the yields 
of enterprises under improved technology are relatively higher than those 
under indigenous technology. 
E. Net Prices 
The net price coefficient of any activity in the program is simply 
the sum of all the allocable costs per unit of the activity with a nega­
tive sign while a corresponding selling activity, with a positive price 
Table 10. Average monthly capital requirement per acre by enterprise (indigenous technology) 
(shillings) 
Month GC GN CT ML/GC GC/GN CT/CW ML/GC/GN ML/GC/CW CT/CW/SP ML/GC/GN/CW SC 
January — — —  — — —  — —  —  —  —  —  —  —  
February — —  212.35 
March — —  —  —  
April 1.96 1.96 1.96 1.96 
May 4.00 —  —  1.87 2.75 1.74 1.74 1.40 
June 
— 14.08 — —  — —  11.22 9.90 — —  9.90 
July — —  0.88 — —  5.68 — 4.80 6.68 4.80 
August • — —  — —  — — —  — — —  — —  —  — —  
September —  —  — —  —- — —  —  — —  
October — —  — —  — —  
November — —  
December MM IM —  —  — —  
Total 4.00 14.08 0,88 3.83 13.97 5.68 13.60 8.50 6.68 18.06 212.35 
Table 11. Average monthly capital requirement per acre by enterprise (improved technology) 
(shillings) 
Month GC MZi MZ- GN CTi CT2 ML/GC ML/GC/GN 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
Total 
21.12 29.64 
7.00 3.75 
96.25 
46.88 19.40 
28.12 33.39 143.13 19.40 
17.00 
32.40 
25.40 
74.80 
17.00 
7.00 
30.48 
20.32 
74.80 
1.33 
25.00 
4.63 
30.96 
1.33 
3.50 
26.81 
31.64 
Table 12. Average monthly labor requirement per acre by enterprise (indigenous technology) 
(man-hours) 
HETUUZ 
Month GC GN CT ML/GC GL/GN CT/CW ML/GC/GN ML/GC/CW CT/CW/SP SC 
GN/CW 
January 0, .93 — —  8 .46 5 .91 5, .64 3, .91 0. 59 13. ,20 5. 02 123 .04 
February — — 11. 58 1. 43 2. ,09 5. 50 1. 58 4. 28 3. ,47 57 .46 
March 2. 07 0. ,80 5. ,80 2. 60 1. 55 5. 01 3. ,04 2. 79 6. 57 5. 42 38 .05 
April 6. 89 0. ,91 4. 53 28. 59 4. 82 17. ,85 30. 43 2. 20 19. ,47 52 .77 
May 17. 34 14. ,18 7. 43 50. 78 16. 99 8. ,55 23. ,63 75. 87 1. 19 26. 87 35 .06 
June 23. 13 51. 15 7. ,36 33, .27 73, .71 27. ,01 34. ,60 40. 98 4. ,13 54. ,17 34 .01 
July 23. 56 49. 43 20. 54 25, .60 22, .15 21. 29 41. 52 36. 32 24. 82 36. ,11 32 .80 
August 16. 38 28. .60 14. ,47 30, .97 5 .73 28. 63 31. ,40 39. 64 32. ,28 40. 99 2 .68 
September 3. 44 16. 48 22. 85 13, 80 23, .82 45. 13 8. 42 18. 90 34. ,81 17. 84 20 .60 
October 
—— 18, .13 23. 28 2, .89 41 .48 3. 43 24, .53 11. 65 11. ,89 32, .05 37 .16 
November 33. 16 27, .68 8, .72 34 .10 28 .66 2, .27 21, .33 33. 97 0, .82 20 .77 34 .74 
December 7. 10 .11 2 .80 17 .40 20 .69 16 .36 4. 46 16, .28 8 .95 57 .24 
To tal 134. 49 217, .47 137, .82 247 .34 218 .91 169, .74 232 .09 297. ,18 152, .47 271 .13 525 .61 
Table 13. Average monthly labor requirement per acre by enterprise (improved technology) 
(man-hours) 
Month GC MZ 1 MZ 2 GN CTx CTg ML/GC ML/GC/ 
January 1 .00 — —  —  13. ,66 22. 26 1. 12 —  —  
February — —  — 1. ,53 2. ,88 
March 2. ,00 — — —  1. 00 0. ,38 0. 34 
April 7. 00 13, .80 — —  1. 00 —  —  25. ,07 40. 94 
May 20, .00 92. ,53 36, .00 14. 00 0, .33 76, .99 65. ,03 
June 26. ,00 82. ,02 163. ,00 52. 00 20. ,06 19, .05 31 .48 57. 39 
July 27. ,00 51. ,12 134. ,50 55. 00 37. ,90 49. ,72 33. 63 34. 31 
Augus t 16. ,00 13. ,71 27, .00 33. 00 29. 62 52, 60 30, .69 43. ,81 
September 4. 00 55. 77 13, .00 16. 00 27. ,99 24. ,72 27, .59 11, .44 
October 
— —  
52. ,77 139, .50 31. 00 13, .39 5, .28 4, .55 117. ,69 
November 42, .00 3. ,56 33, .00 32. 00 1, .09 76, .83 23 .18 56 .10 
December 9. 00 1. 68 6. 00 12. 00 60, .93 54, 80 11 .92 17 .53 
Total 154, .00 366, .96 552, .00 247. 00 206 .50 305 .26 269 .48 444 .58 
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Table 14. Comparison of average total labor and capital requirement and 
net returns per acre for enterprises under indigenous and 
Improved technology 
Labor(man-hours) Capital(shillings) Net returns(shillings) 
Ind. Imp . Ind. Imp. Ind • Imp . 
Enterprises tech. tech. tech. tech. tech. tech. 
GC 134.49 154. 00 4.00 28.12 178. 39 257. 10 
GN 217.47 247. 00 14.08 19.40 158. 68 288. 49 
CT^ 206. 50 74.80 82. 88 
1137.82 }0.88 >67. 47 
CT^ 305. 26 74.80 193. 76 
MZ^ — —  366. 96 33.39 479. 25 
CM 552. 00 143.13 699. 75 
ML/GC 247.34 269. 48 3.83 30.96 263, 45 294. 05 
ML/GC/GN 232.09 444. 58 13.60 31.64 274. 45 289. 86 
Table 15. Average yield per acre (improved technology) (pounds) 
Crops GC ON HZi MZ2 CT^ CT2 ML/GC ML/GC/GN 
HL —— — — —— —— — 547 376 
GC 1097 — — — — — 682 313 
MZ —— — 2136 3512 —— —— —— —— 
GN 933 —— —— —— —— 420 
CT —— —— —— 438 746 —— —• 
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in the objective function, is included in the model. For an activity 
consisting of a mixture of crops, the net price coefficient is the sum 
of the allocable costs of producing a unit of the activity with a 
negative value in the objective function. Since we are interested in 
the demand response of fertilizer, the costs of fertilizer are not 
included in the calculation of net price coefficients of the activities 
using fertilizer. Instead, we Included fertilizer buying activities with 
negative values in the objective function. Also, since hiring activities 
are built into the models, the cost of hired labor is not included in the 
calculation of the net price coefficients. Any amount of labor hired is 
paid for within the model. 
F. Description and Analysis of the Models 
1. Model 1; Optimum farm plan under indigenous technology and resource 
base 
This model is designed to characterize the average family farm 
identified in the survey of the study area. Indigenous technology, 
resource level, prices, yields and the enterprises characteristic of the 
study area are used in the programming exercises. There is neither capital 
borrowing nor labor hiring. Minimum food requirement of a total of 2137 
pounds of millet and/or guinea corn is specified. 
The main objectives of the model are: 
1) To estimate the level of income obtainable under indigenous 
technology and resource base and focus attention on the crucial 
factors in peasant farming. 
2) To assess the competitive position of sole crops versus crop 
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mixtures and rationalize the dominance of intercropping over sole 
cropping. 
a. Analytical model In terms of our problem situation the linear 
programming objective of this model is to maximize a revenue function 
which can be expressed as follows ; 
k & , n ** ** 
Max Z = E C.X. + E + E C, X, [4.1] 
j=l ^  ^ j=k+l ^  ^ j=&+l 
subject to A(X + X* + X**) - B [4.2] 
and Xj - 0 
< - " 
- » 
For clear exposition the problem has been conceptualized in an inter­
cropping framework comprising of sole crops, two crop and three crop 
mixtures only. 
Z = the gross return to be maximized 
Xj = the j (:h activity which is cultivated sole 
Xj = the j activity comprising of two crop mixture 
X*^ = the j activity comprising of three crop mixture 
In the above formulation there are altogether n activities in the farm 
program, comprising of k sole crop activities, &-k two crop mixture 
activities and n-£ three crop mixture activities. 
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The 
ties are 
net prices for the sole crop, two and three crop mixture activi-
C. = SC. [4.3] 
J j=0 
C* = EC. [4.4] 
J j=l J 
ct *  =  Z  [4 .5 ]  
j=l 
Assuming there are m available resources, A is m by n matrix of input 
output coefficients, and B is m by 1 vector of available resources. 
Condition (i) specifies that all the enterprises are produced under 
uniform technology, indigenous technology in this case. Under certain 
circumstances, however, different technologies may be applied to the 
different crop mixtures, in which case condition i becomes 
(AX + A*X*+ A**X**) - B [4.6] 
where A, A* and A** are m by n matrices of input output coefficients for 
sole, two crop and three crop mixtures, respectively, and represent 
different levels of technology. 
The summary of optimum farm plan, the shadow prices and the quanti­
ties of resources used is presented in Table 16. A total of 7.64 acres 
of crop activities entered the optimum farm plan. Of this, 26.4 percent 
was devoted to sole crops, mostly guinea corn, and 73.6 percent to crop 
mixtures, mostly three and four crop mixture enterprises. This shows 
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Table 16. Sunmary of optimum farm plan and shadow prices under indigenous 
technology and resource level (Model 1) 
Activity Labor Capital 
level shadow prices shadow price! 
Activity (acres) (shillings) (shillings) 
GN __ 
GC 1.64 
SC 0.38 
CT 0.05 —  —  
ML/GC — —  
GC/GN — —  —— 
CT/CW —  —  
ML/GC/GN 1.82 — —  
ML/GC/CW 0.93 —  —  
CT/CW/SP 0.24 — —  
ML/GC/GN/CW 2.58 
March labor 0.34 — — 
April labor 1.04 
June labor 2.74 
August labor 2.04 
November labor 2.22 — —  
February capital — —  —  1.91 
June capital — 2.28 
Gross revenue 2134. 42 
Total acres cultivated 7. 64 
Gross return/acre 279. 37 
Gross return/man-hour 1. 15 
Gross return/unit of capital 7. 82 
Percent of initial capital used 54. 30 
Percent of family labor used 90. 12 
Percent of sole to cultivated acre 26. 40 
Percent of crop mixture to cultivated acre 73. 60 
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that Intercropping is consistent with both security and profit maximiza­
tion goals. The gross revenue for the optimum plan is 2134.42 shillings 
per acre. 
About 90 percent of the available labor was used while about 54 
percent of the available capital was used. Further analysis shows that 
the shadow prices of labor (Zj-Cj*s) are very high in April, June, August 
and November. These months correspond very closely to the peak periods 
of farm activities when operations like planting, weeding and harvesting 
are carried out. Additional units of labor during these months would 
increase the value of the program by the amounts indicated by the shadow 
prices. Thus, a farmer could increase his level of farm income if he was 
willing to work extra hours during peak periods of labor requirement, or 
had "liquid" funds to hire casual labor during these months. 
The results also show that capital is in short supply only in 
February and June when, as indicated by the shadow prices, the marginal 
value productivity of additional capital is much higher than its oppor­
tunity cost. Capital limitation is, at first sight, rather surprising in 
view of the facts that capital was left in disposal in other months of 
the production season and only about 54 percent of the available capital 
was used up. While the noninclusion of an activity to transfer idle 
capital from one month to the next may be a reasonable explanation, the 
result also points to the fact that it is not only the absolute quantity 
of capital that matters, but also its distribution. Capital must be made 
available in the right amount and at the appropriate time. This point is 
worth emphasising because it is crucial to the effectiveness of loan 
programs that may be established in the near future. 
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The results of this model have demonstrated that, given the present 
level of technology, farm prices and resource base, the maximum gross farm 
income^ is bound to be very low in the study area. It would appear from 
this model that the provision of easy and timely supply of credits may be 
a crucial factor in increasing the scale of operation and the level of 
farm income. Additional credit will enable the farmer to hire more hands 
during the peak demand for labor, and to purchase new inputs which could 
increase farm output. 
Accordingly, the other models are designed to examine the potential 
contribution of varying quantities of resources, product and fertilizer 
prices and improved technology on the level of farm income, scale of farm 
business and optimum enterprise mix. 
2. Model 2; Optimum farm plans under indigenous technology and variable 
resource level 
In this model we hypothesize that a farm organization could be 
expanded, with an increase in the level of farm Income, if more resources 
are made available. Accordingly, we set out to examine the effects of 
Increasing the level of supply of some farm resources that limit scale 
expansion and adoption of improved practices. The technology is still 
indigenous and input output price ratios remain constant. 
In addition to the quantities of family labor and initial working 
capital, the farm firm could increase the supply of labor by hiring labor 
at the ruling wage rate, or increase the supply of capital by borrowing at 
^In general, the fixed cost item is minimal or zero in the study 
area, so that the gross return is invariably equivalent to the net return 
per acre. 
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eight percent rate of interest. The supply of labor and credit is not 
unlimited in the area, however, and the amounts of labor and credit 
available are therefore limited to those presented in Table 17. 
Table 17. Level of resources tested in Model 2 
Resource Time 
B2 
Resource 
B 
level 
3 B4 
Land (acres) 
Gona 10 .73 13. 98 49. 10 
Fadama 1 .00 1. 40 4. 47 
Total 11 .73 15. 38 53. 57 
Operating capital January 23 .21 32. 91 107. 06 
(shillings) February 100 .96 220. 88 882. 95 
March 90 .36 100. 12 111. 73 
April 92 .72 120. 74 274. 22 
May 114 .79 150. 90 265. 69 
June 71 .06 99. 67 466. 46 
July 37 .04 165. 19 496. 86 
August 36 .09 81. 73 253. 79 
September 39 .44 60. 40 255. 33 
October 25 .21 73. 21 510. 98 
November 34 .20 41. 16 153. 97 
December 30 .10 120. 29 174. 15 
Total 695 .18 1267. 22 3953. 19 
Hired labor January 30 .74 58. 10 263. 88 
(man-hours) February 15 .69 21. 34 147. 78 
March 20 .53 38. 41 187. 83 
April 55 .57 136. 37 356. 15 
May 71 .10 222, 25 514. 68 
June 53 .38 142. 89 535. 88 
July 57 .65 211. 84 693. 84 
Augus t 87 .63 142. 74 581. 18 
September 57 .34 146. 98 439. 63 
October 73 .24 147. 50 606. 11 
November 43 .77 82. 90 499. 21 
December 46 .75 65. 26 351. 33 
Total 613.39 1416.58 5177.50 
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The figures for land restriction were obtained from the survey data 
in the following manner. The farms which are larger than the average farm 
were listed in order of magnitude. B2 is the size of the 15th farm 
larger than the average farm, Bg is the size of the 30th farm larger than 
the average farm and is the largest farm in the study area. The 
figures for operating capital restriction were obtained in similar manner 
except that B2 represents the average of the operating capital for the 
first 10 larger farms than the average farm, B^ is the average for the 
second 10 larger farms and B^ is the average for the third 10 larger 
farms. For the labor hiring restrictions, B2 represents the average of 
the first 11 farms hiring labor in larger quantities than the average 
farm, Bg represents the average of the second 11 farms and B^ represents 
the average for the third 11 farms. 
The summary of the farm plans for varying levels of resource 
restrictions is shown in Table 18. The increase in the level of resources 
not only resulted in larger scale of operation and gross income, but it 
also changed the optimum mix of enterprises. The increase in farm size 
and gross farm income were moderate for resource levels B2 and B^ but were 
appreciably larger for resource level B^. The gross returns per unit of 
individual resources decline as the scale of operation increases. There 
is, therefore, a clear evidence of diminishing returns to these resources. 
Diminishing returns operate at this low scale of farm operation presumably 
because of the low level of technology. The extent to which the introduc­
tion of simple, modern technology could improve returns is assessed in the 
next model. 
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Table 18. Summary of optimum farm plans under indigenous technology and 
variable resource level (Model 2) 
Activity levels 
Activity Bia B2 B3 
GC 1.64 1.86 3.10 
GN — — — — 
SC 0.38 0.76 0.92 
CT 0.05 — —  —  —  
ML/GC —— — —  
GC/GN —— — —  
CT/CW — — — • • ' 
ML/GC/GN 1.82 3.51 1.65 
ML/GC/CW 0.93 0.77 — —  
CT/CW/SP 0.24 — —  — —  
Mr,/GC/GN/CW 2.58 2.32 5.11 
B4 
9.00 
2.17 
10.12 
Gross revenue 2134 .42 2502.63 2857.65 4585 .34 
Total acres cultivated 7 .64 9.22 10.78 21 .29 
Gross return/acre 279 .37 271.37 265.09 215 .38 
Gross return/man-hour 1 .15 1.08 1.07 0 .90 
Gross return/capital 7 .82 5.90 4.43 2 .07 
Percent of crop mixture 73 .60 71.58 62.70 47 .53 
Total capital borrowed 163.41 377.51 1914 .56 
Total labor hired — —  306.65 618.53 2950 .59 
"jJj Is included here to facilitate comparison. 
Sole crop of guinea corn and the four crop enterprise are particularly 
favored, both of them increasing with the level of resources. In general, 
crop mixtures are mostly favored at lower resource base but their percent­
age contribution to the total crop acre decreases as resource level 
increases. This supports Norman's (43) assertion that intercropping is 
conditioned not only by security goal but also by the scarcity of some 
factors of production. 
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The total quantity of labor hired and capital borrowed both increase 
with the scale of operation. Over 80 percent of hired labor and borrowed 
capital occurred during the months of April, June, July, August, October 
and November. 
3. Model 3; Optimum farm plans under varying technology and resource 
level 
Increased production has been one of the priorities of agricultural 
development in Nigeria. The low level of farm resources, the poor skill 
of peasant farmers and, in particular, the lack of mechanization facili­
ties all limit the route to increased production to raising production 
per acre rather than through acreage expansion. The adoption of improved 
technology of the type considered in this study has been advocated as 
one of the prerequisites for increasing output per acre, and thus farm 
income. The simultaneous introduction of simple technology and modern 
farm inputs has formed the basis of the "green revolution" in India and 
Latin America and it is currently being advocated for Nigeria. 
Tables 6, 14 and 15 have clearly shown that while labor and capital 
input per acre are higher for enterprises produced under improved tech­
nology than those produced under indigenous technology, the yields and 
the net returns of the former enterprises are correspondingly higher. 
The question then arises: Can enterprises produced under improved 
technology compete effectively with enterprises produced under indigenous 
technology? 
Using the same resource restrictions in Models 1 and 2, this model 
attempts to assess the potential contribution of improved technology to 
scale expansion and level of farm income. Sequel to this objective, we 
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obtain the optimum cropping program and assess the competitive position 
of sole and crop mixtures under both technologies. 
We appreciate that the adoption of improved technology usually takes 
a long time so that, for some time to come, the farming system in the 
study area would comprise of a combination of indigenous and improved 
practices. Also, some crops are better produced sole while the yields 
of others are not adversely affected when grown In mixtures. Accordingly, 
it would be reasonable to expect that, at any point in time, individual 
farmers would be having sole and crop mixtures under both technologies. 
Hence, we Include in the linear programming analysis all the sole and 
crop mixture activities producible under both technologies. 
a. Analytical model In terms of the problem situation, the 
linear programming objective of this model is to maximize a revenue 
function which could be formalized as follows: 
Max 
k & * * n ** ** r 
Z = Z C.X. + Z cTx" + Z C. X. + Z C.X. 
j=l - - j=k+l - - j=J6-!-i j=a+l ^ J 
[4.7] 
subject to A(X + X* + X**) + A'(X' + X*' + X**') - B [4.8] 
and Xj* ^ 0 
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As in Model 1, the problem has been conceptualized in an inter­
cropping framework but improved technology (represented by prime) has 
been incorporated. Z is the objective function (gross return) to be 
r JL1 f 
maximized; X., X. and X are the sole crop, two and three crop mixture 
J J 3 
activities, respectively, cultivated under improved technology. Also, 
the net prices for the activities are defined as: 
1 
c!  =  Z c!  [4 .9 ]  
J j=0 ^  
*. 2 , 
C E C [4.10] 
J j=l J 
**, 3 I 
C. = Z C [4.11] 
J j-1 
In the above formulation there are now w crop activities comprising 
of all the activities in Model 1 produced under indigenous technology, 
plus r-n sole crop activities, t-r two crop mixture activities and w-t 
three crop mixture acLivitie», all being produced with improved technology. 
Table 19 is a summary of the optimum solutions, the shadow prices of 
excluded activities and some measures of economic efficiency at the 
varying levels of resource and technology tested. 
As compared with Models 1 and 2, the introduction of improved 
technology not only resulted in increased gross returns but also changed 
the optimum combination of enterprises at each level of resource avail­
ability. The gross return per capital declined as the level of resources 
increased. While the gross returns per man-hour showed no definite 
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Table 19. Summary of optimum farm plans and shadow prices under a com­
bination of improved and indigenous technology and variable 
resource level (Model 3) 
Bj ^2 Bg ^4 
Act. Shadow Act. Shadow Act. Shadow Act. Shadow 
Activity level prices level prices level prices level prices 
Indigenous technology 
GC 2.89 — —  2.30 — —  4 .78 2 .84 
GN 
—  —  154.49 —  —  166.72 135.20 122.11 
SC 0.38 — —  0.83 — — 1 .14 — 2 .36 
CT 27.55 —  —  27.03 — —  33.40 — 10.08 
ML/GC 1.66 0.03 15.23 32.63 
GC/GN — —  161.23 — 219.18 183.50 141.08 
CT/CW — —  56.82 —  —  75.39 — —  41.28 24.27 
ML/GC/GN — 16.11 0.62 —  —  6.12 14.46 
ML/GC/CW — — 21.28 —  —  4.34 — —  25.72 —  —  46.92 
CT/CW/SP 1.24 0.65 — —  — —  1.74 
ML/GC/GN/CW 2.32 —- 8.53 0 .39 —  —  5 .03 
Improved technology 
MZi 0.64 2.11 —  —  2.80 2.81 — —  
MZo — 371.25 — 322.17 — — — —  184.03 
GC 38.45 2.59 1.43 6.98 — —  
GN — 36.65 — —  46.42 —  —  29.40 — —  23.08 
CTi — 111.24 95.73 51.45 22.24 
CTg 90.52 136.20 — — 81.95 —  —  58.81 
ML/GC — 68.49 1.04 — 23.52 53.77 
ML/GC/GN — 175.95 146.50 — —  217.76 — —  231.38 
Gross revenue 2319.01 2709.04 3074.45 5085.87 
Total acres 9.13 9.15 10.54 20.02 
Gross return/acre 254.00 296.07 291.69 254.04 
Gross return/m.h. 1.13 1.24 1.19 1.00 
Gross return/cap. 11.39 5,55 4.25 2.05 
% of crop mixtures 57.17 14.20 3.70 25.12 
% of improved crops 7.00 51.38 40.13 53.84 
% sole crop (ind.) 35.81 34.42 96.30 25.97 
% sole crop (imp.) 7.00 51.38 40.13 53.84 
Total labor hired 69.71 239.97 601.12 2949.87 
Total cap. borrowed 281.58 468.93 2182.88 
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pattern, they were higher in most cases than when only indigenous practices 
were used. 
Except for the total acreage cultivated at each resource level 
was slightly lower than the total acreage cultivated under indigenous 
technology. It thus appears that higher returns are consequent upon fa. 
intensification achieved through the cultivation of some acres of crops 
under improved technology. 
At lower level of farm resources (B^), crop mixtures form about 57 
percent of the total acreage but the proportions decrease, except for B^, 
as the quantity of resources Increases. All crop mixtures in the solution 
are produced with indigenous technology only while the proportion of sole 
crops under improved technology increases rapidly as the quantity of 
resources increases. This shows that when resources are plentiful, the 
cultivation of sole crops under both technologies begin to gather momentum. 
Whether this momentum could be strong enough for the sole crops to com­
pletely displace crop mixtures in peasant farm organization is yet to be 
seen. 
Maize (MZ2) and cotton (CTg) are in a weak competitive position with 
other enterprises in the program. The price of maize would have to be 
raised to 0.44 shillings per pound and that of cotton to 0.57 shillings 
per pound before these methods of production could be adopted. These 
methods should not, therefore, be recommended to the farmers at the 
current prices of maize and cotton. 
The analysis has thus far shown that some sole crops, under improved 
technology and increased resource availability, are in a better competitive 
position in an optimal farm organization than crop mixtures produced under 
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either of the technologies. In a peasant farming situation, however, the 
potential for the adoption of sole cropping rather than crop mixtures 
would still be very low until dependability of returns and food needs of 
the peasants could be guaranteed under sole cropping. This would have to 
await a substantial improvement in the level of farming skill and a major 
breakthrough in plant breeding research which could produce highly 
dependable, high yielding and disease resistant seed varieties. 
G. General Characteristics of Farm Plans 
In order to make a complete evaluation of the effects of resource, 
technology and cropping pattern (sole or crop mixtures) on the technical 
and economic potential of all crop activities considered in the program­
ming model, we examine the shadow prices of the excluded activities. The 
shadow prices of the excluded activities show the income penalties 
attached to forcing one unit of the individual excluded activities into 
the solution. The shadow prices (Table 19) of the excluded activities 
thus reveal enterprise competitive positions under the different cropping 
patterns, levels of resources and technology. The higher the shadow 
price of an excluded activity, the lower is its competitive position in 
the optimal farm program. 
Although sole crop groundnut activity does -vt enter the optimal 
cropping program, its shadow prices show that its production under 
improved technology is to be preferred to its production under indigenous 
technology. On the other hand, sole crop cotton activity is better 
produced under indigenous than improved technology. Both of these 
conclusions hold true for all resource levels tested in this model. 
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The crop mixture enterprises ML/GC and ML/GC/GN are less competitive 
under improved than under indigenous technology. Though it is dangerous to 
generalize this conclusion for all other crop mixture activities which are 
not subjected to improved technology, it would appear that, within the 
framework of an optimum cropping program, crop mixtures produced under 
improved technology are in a weaker competitive position than when they are 
produced under indigenous technology. The extent to which low level of 
management is responsible for the poor performance of crop mixtures under 
improved technology is not immediately known. Table 20 summarizes some 
measures of economic efficiency with respect to the limiting resources, 
land, labor and capital. 
Table 20. Summary of measures of economic efficiency under varying tech­
nology and level of resources 
Bl B2 B3 B4 
Ind. Imp. Ind, Imp. Ind. Imp. Ind. Imp. 
tech. tech. tech. tech. tech. tech. tech. tech. 
Gross return/ 
acre 279.37 254.00 271.,36 296 = 07 265 = 09 291,69 215 = 38 254.04 
Gross return/ 
man-hour 1.15 1.13 1.08 1.24 1.07 1.19 0.90 1.00 
Gross return/ 
capital 7.82 11.39 5.90 5.55 4.43 4.25 2.07 2.05 
The table shows a very high gross return per unit of the individual 
resources under both technologies, and when resource supply was increased. 
As stated earlier, the gross return per acre is particularly high at 
low levels of resources (6%) but gradually decreases as the farm size or 
resource level increases, illustrating diminishing return to land. When 
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improved technology was incorporated into some crops in the farm system, 
the gross return per acre was low at low level of resource (B^) but 
gradually increased as farm size increased, implying an increasing return 
to scale, but later started falling. 
Returns per man-hour and per unit of capital are rather high under 
both technologies. The return to labor is much higher than the opportunity 
cost of labor (0.52 shillings). The return to capital is also much higher 
than the opportunity cost of capital, 1.08 shillings at eight percent rate 
of interest. Under indigenous technology, the returns per man-hour were 
high at but decrease as farm size and resource level Increase. This is 
understandable since farm operations are still carried out with simple 
hand tools which are rather inefficient. As the farm size increases, the 
quantity of labor increases more than proportionately, resulting in a 
reduction in labor productivity per acre. The introduction of improved 
technology does not appreciably change the picture. This observation 
points out the need for intensified research on low cost farm tools which 
could do more efficient work and reduce farm chores. Such tools could help 
to improve labor productivity as the scale of operation expands. 
The return per capital is very high, particularly when improved tech­
nology was incorporated into some crops. Farm investment in the study area 
is minimal and is confined only to seeds and small quantities of fertilizer. 
Table 20 shows that increased investment in modern technological inputs has 
a high economic potential, particularly when resource level is low. This 
points out the need for capital intensification in peasant farming. 
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V. MODEL 4: DEMAND AND SUPPLY FUNCTIONS UNDER VARYING 
LEVELS OF PRICES AND CAPITAL 
A. Introduction 
The last three models focused on some aspects of the normative phase 
which was designed to determine what the farmers ought to be doing in 
order to attain certain objectives. We now turn to the estimation of 
some policy variables which are needed for a meanangful analysis of the 
policy phase. 
Specifically, the fourth model is designed to quantify farm level 
resource demand and product supply elasticities and to measure the 
relative influence of some supply and demand shifters. This is achieved 
through the analysis of : 
1) The demand functions for fertilizer under alternative 
combinations of resource level, fertilizer and output prices. 
2) The supply functions for guinea corn. 
3) The supply functions for maize. 
4) The cross-supply functions for guinea corn. 
The supply and demand functions were derived from the linear pro­
gramming models presented earlier in the thesis. Hence, the approach 
is essentially normative, indicating what farmers should do relative to 
the norms and assumptions of profit maximization motivations, perfect 
knowledge situation about prices, weather, technological changes and 
production alternatives. Under these circumstances, the degree of 
correspondence between -;rogrami!:iug results and actual responses depends 
"on the manner th.;t res.iraints are built into the model to correspond to 
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real world inflexibilities" (20) and/or how closely the assumptions square 
with the actual situation in the survey area. There are evidences to 
show that the normative approach may lead to an upward biased estimate of 
commodity supply and elasticities (1, 12, 51, 55), and it is not yet 
clear the extent to which normative quantities should be adjusted to 
closely approximate the actual supply and demand responses. Heady (20) 
pointed out that this might involve the analysis of producer panels in 
which we attempt to link normative farm supply analyses with studies 
of farmers' actual response and thereby develop a basis for discounting 
normative quantities to conform with actual supply and demand decisions. 
The optimum quantities of products and resource, with their 
corresponding price levels, were used for estimating continuous functions. 
The discrete observations, which usually give rise to step functions, 
were transformed into regression functions of specific algebraic forms by 
the method of least squares. Different functional forms — linear, 
quadratic, exponential — were first fitted to the data. Next, several 
transformations (second and third degrees and square root) of the 
explanatory variables were made and the transformed variables were 
subjected to statistical regression analysis using the stepwise procedure. 
The criteria for assessing the adequacy of the fitted functions and 
for selecting the "best" regression equation follow the traditional 
procedure, namely, 1) conformation with accepted theory and logic, 2) 
the size of the coefficient of multiple determination, R , and 3) 
statistically significant F-values for the regression mean squares. 
Individual terms in the equations were dropped when they were not 
statistically significant at predetermined levels. In some cases. 
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however, insignificant terms may be included in the final equation when 
supply or demand elasticity with respect to the variable is to be 
estimated, or when its deletion violates the basic logic of the functional 
relationship. 
The farm price elasticities were calculated at the mean values of 
observations. Elasticities were also calculated at some selected price-
quantity or capital-quantity points. The latter elasticity estimates are 
generally subject to greater statistical errors than the estimates at the 
means; they show wide divergence in magnitude at different points and 
would suggest different policy actions. The choice of estimation pro­
cedure may also lead to differences in the estimates of elasticity 
derived from any particular set of data (37). 
B. Fertilizer Demand Functions 
The use of chemical fertilizer has been demonstrated to be one of 
the most important factors capable of increasing agricultural production 
in the short run. However, increased use of fertilizer by peasant 
farmers depends on the profitability of using it, the ratio of fertilizer 
cost to price of output and the availability of credit for purchasing 
fertilizer. 
While the Northern State governments have maintained heavy subsidies 
on fertilizer (67 percent on superphosphate and approximately 60 percent 
on sulphate of ammonia), the prices of output remain very low and capital 
shortage is acute. Johnson (27) noted that the current subsidy on 
fertilizer placed its price at almost the same level as in the United 
States. He concluded, however, that the farmers in the Northern States 
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used fertilizer sparingly because they lacked adequate working capital 
and received very low prices for their products. He noted, for example, 
that the Northern State farmers received about six cents per pound for 
their cotton, whereas the United States farmers received 30 cents per 
pound. 
Against this background, we attempt to test the hypothesis that a 
substantial use of fertilizer could come about In response to 1) an 
Increase In the price of farm products, 2) a fall in the price of 
fertilizer relative to the prices of products, and 3) an Increase in 
the level of available capital. The test of this hypothesis would also 
provide evidence for or against the notion that the combination of Input 
price subsidy. Increased product price and capital supply generally lead 
to reasonable increases in resource demand and product supply. 
1. Demand model for fertilizer 
On the basis of the foregoing discussion the model explaining the 
structural relationship in fertilizer demand can be Implicitly formalized 
as follows : 
Dp = f(Po, Pf, K, T) [5.13 
where 
demand for fertilizer 
P, price index of output 1 o 
Pg = price of variable Input, fertilizer 
^The method used for calculating output price index is presented in 
Appendix A. 
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K = the level of available capital, approximated by the 
amount of capital used in the optimum solutions for 
varying output and fertilizer price levels 
T = the level of technology 
A constant level of technology was assumed for the fertilizer demand 
study. With the elimination of technology as an explanatory variable, 
the "best" estimating model reduces to the following functional form; 
Dp = Bo + BiPq + BgPf + G3K + E [5.2] 
From economic theory, we would expect 6^ to be positive while 62 
should be negative, implying that the demand for fertilizer should 
increase, all things being equal, as the output price index and capital 
level increase while the demand for fertilizer should decrease as the 
price of fertilizer increases. 
The price of each product was raised in six equal magnitudes. The 
magnitudes varied between different products and were based on either 
a priori knowledge of past price movement, or on future price expecta­
tions for the different products. Table 21 shows the expected range and 
magnitudes of price Increases for individual products. 
Table 21. Expected range and magnitudes of price increases 
Price range (shillings/pound) Percent 
Products 1 2 3 4 5 6 7 increase 
Maize .240 .264 .288 .312 .336 .360 .384 10 
Guinea com .240 .260 .273 ,286 .299 .312 .325 5 
Cotton .360 .396 .432 .468 .504 .540 .576 10 
Millet .270 .284 .298 .312 .326 .340 .354 5 
Groundnut .330 .346 .362 .378 .394 .410 .426 5 
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Two levels of capital availability (K^ and Kg) and two levels of 
fertilizer price were specified. Within each capital level, and at a 
given level of fertilizer price, seven observations on capital (each 
observation corresponds to the set of prices in columns 1-7 of Table 21) 
were obtained. One fertilizer price level represented current subsidized 
rate. We envisaged that, over time, the farmers would be aware of the 
production increasing potential and the economic importance of fertilizer 
and that they would also have accumulated capital or would be able to 
acquire credit from institutional sources. Under these circumstances 
farmers would be expected to increase their demand for fertilizer and, 
from an economic standpoint, the price of fertilizer could be expected to 
rise. Accordingly, the second fertilizer price level was raised by 10 
percent, corresponding to a decrease in the current subsidy rate by an 
average of 33 1/3 percent. Appendix B shows the summary of the data used 
for deriving the demand function. 
2. Fertilizer demand estimates 
The following equation and statistics were obtained for the fertil­
izer demand function: 
In this and other equations to be presented later, the figures in 
parenthesis are the t-values. The significance of the 0-coefficients 
and F-values at ten, five and one percent levels is Indicated by one, two 
and three asterisks, respectively. 
Dp = -99.47 + 159.03P - 32.54Pf 
(-.79) (1.83)* (-7.68)*** 
= .98 and F(3,24) 
+ 2.83K 
(34.0)*** 
418.93*** 
[5.3] 
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The explanatory variables displayed the expected signs. The adjusted 
coefficient of multiple determination, R^, is very high, 0.98, implying 
that the explanatory variables account for almost all the variability in 
the quantities of fertilizer demanded. The F-test of the regression mean 
square, the 3-coefficients of fertilizer price and capital are significant 
at the one percent level while that of output price is significant only 
at ten percent. 
The elasticities of fertilizer demand with respect to its own price, 
output price and capital level were calculated at their mean values by 
Equations 5.4, 5.5 and 5.6 respectively. 
eP = iX_ . El = -0.79 [5.4] 
f 9Pf Y 
EP = . Zf. = 0.32 [5.5] 
° 9Pf Y 
eK = il . K = 1.63 [5.6] 
9K Y 
The magnitudes of the elasticities showed that the demand for 
fertilizer is most responsive to changes in capital level, followed by 
fertilizer price and output price in that order. Further calculations 
showed that price elasticity of demand Increases with an increase in the 
price level of fertilizer. Elasticity with respect to K also increases 
with an increase in the level of available capital. This is clearly 
shown by the figures below and by Figure 3, in which the quantity of 
fertilizer is graphed against output price index. 
D F=-99 47+159-03Pq-32-54 Pf + 2-83 K 
PRICE 
INDEX 
OF 
OUTPUT 
1.5 -
0 100 300 500 700 1100 900 1300 
QUANTITY OF FERTILIZER (lbs) 
Figure 3. Fertilizer demand functions at varying levels of output and fertilizer 
prices and capital availability 
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Price level Price elasticity 
12 
18 
-0.55 
-1.09 
Capital level Capital elasticity 
Kl 
K2 
0.93 
2.33 
In the formulation of the fertilizer demand function, and in 
accordance with the graphs of Figure 3, we could regard fertilizer price 
and capital variables as shift parameters. At a given level of capital 
availability, for example, fertilizer demand curve shifts to the left 
as the level of capital increases. The magnitude of these shifts is a 
clear reflection of the relative influence of fertilizer price and capital 
level on fertilizer demand response. 
The above results not only confirm the findings in the previous 
models of Chapter IV, but also lend support to the popular belief among 
many agrarian economists that resource limitation is the most Important 
obstacle to agricultural production in many developing countries. While 
product price increases and input price subsidy have the potential for 
inducing production expansion, their effectiveness could be significantly 
diminished if the supply of capital needed in the production process is 
limiting. It is obvious that the greater the supply of output, the 
greater the economic benefits farmers derive from output price increasing 
policy. But, it is equally obvious that without adequate capital, 
farmers cannot invest in or acquire relevant input resources — labor, 
as the price of fertilizer increases (K^Pf^ and K^Pg^)* On the other 
hand, curves K^Pfg and K2Pf^ shift to the right of curves K^Pg^ aiid K^P^^ 
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fertilizer, land, insecticides — or adopt innovations essential to 
expanded output. 
These analyses clearly point out the fact that the starting point In 
a program designed to increase fertilizer demand in the study area is the 
organization of adequate credit supply. In addition to production 
stimulating influence, the establishment of institutional credit system 
could serve as an instrument of control which could be exercised through 
farm plans. By specific credit policies, certain enterprises could be 
encouraged while some others discouraged. 
C. Grain Crops Supply Functions 
The three important grain crops in Nigeria are guinea corn, millet 
and maize. While guinea corn and millet are northern based crops, maize 
has traditionally been regarded as a southern based crop. 
Intensive research over the past years, however, has shown that 
maize has a very great potential in a program of intensive grain produc­
tion in parts of the Northern States (35). The potential yield and net 
return under the new technology are much higher than those of guinea corn 
(Tables 14 and 15). Also, the technology of maize cultivation is not much 
different from that used in the dominant grains, millet and guinea corn. 
On the basis of these and other technical advantages, the introduction of 
maize cultivation on a large scale had been very highly recommended (13, 
35). 
Millet is a popular grain crop in the Northern States, but it may 
soon lose this popularity because the development of new technology in 
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millet cultivation and seed improvenent Is rather difficult and slow to 
accomplish.^ 
Guinea corn crop has evolved as one of the most dominant grain crops 
in the Northern States (14). Its ability to thrive on relatively 
infertile land makes it particularly adaptable to a traditional farming 
system in which land is in abundance but lack of capital and low technical 
ability prevent the use of productive Inputs such as fertilizer and 
pesticides. Latum (35) noted that guinea corn has a high degree of 
reliability and, while the yields are low without fertilizer application, 
failures are rare and subsistence is guaranteed. 
The national grain requirements have increased considerably in recent 
years due to rising population and Increased per capita consumption. 
Expanding poultry and other livestock feeding enterprises have also 
created demand for more grains. In general, the demand conditions suggest 
an expanding market for grains, an expansion which is expected to persist 
for some time to come. This immediately implies that the nation must 
develop greater potential for grain production through research, extension 
activities and other policy manipulations. These activities will enable 
farmers to increasingly expand production for the market as well as for 
consumption. 
From economic and technical points of view, the intensification of 
guinea corn and maize would appear to be the most feasible strategy for 
meeting the challenge.^ We examine In the following pages the derived 
^Discussion with Dr. D. W. Norman, Head of RgRU, A.B.U., Zarla, 
Nigeria, and some members of the I.A.R., Zarla, Nigeria. 
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supply relationship and response of guinea corn and maize to some policy 
variables — output prices and increased level of capital. 
1. Grain crops supply model 
One of the possible models explaining the structural relationship in 
grain supply can be expressed as follows: 
Pg = price of grains in shillings 
K = level of available capital 
T = level of technology 
The dependent variable is yield of grain and not its acreage. 
Acreage response is not appropriate for deriving supply response in the 
study area since all the grain crops are either cultivated sole or in 
mixtures with other crop enterprises. As indicated earlier, growing crops 
in mixtures has a depressing effect on the yield of individual crops in 
the mixture; the reduction in yield depends largely on the composition 
of the crops in the mixture. Accordingly, the supply response is 
estimated in terms of the total quantity of grains obtained from the 
optimum solutions of the programming exercises. 
The "best" estimating model for grain supply response is expressed 
as follows : 
Yg = f(Pg, K, T) [5.7] 
where 
Yg = supply of grains in pounds 
Tg - G, + BiPg + GgK + c [5.8] 
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From economic theory, we would expect the coefficients and to be 
positive, implying that the supply of grains increases as the prices of 
grains and the levels of capital increase. 
a. Guinea corn supply functions The model was solved at selected 
guinea corn prices over the range 0.26 shilling per pound to 0.36 shilling 
per pound. Any price beyond 0.36 shilling per pound is rather high and 
unrealistic. Four levels of capital availability, K^-K^, were used and 
production took place under indigenous technology. The data used for the 
regression estimation are presented in Appendix C. 
From these discrete points we obtained the following regression 
equation and statistics; 
= 2160.49 + 1359.66Pgc + 3.20K [5.9] 
(13.79)*** (2.73)*** (152.11)*** 
= 0.99 and F(2,21) = 1157.02*** 
2 
The explanatory variables displayed the expected signs. R is 
particularly high and the F-test and the g-coefficlent for capital are 
significant at one percent, while the g-coefficlent for the price of 
guinea corn is significant at the five percent level. 
The elasticities of supply with respect to its own price and capital 
level were calculated at their mean values using the formulae in [5.5] 
and [5.6] respectively. Elasticities were also calculated at all price 
quantity and capital quantity points using formulae [5.10] and [5.11] 
respectively. 
SY Fi 
ePi = tp • ^ 1=1,2, 6 [5.10] 
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j=l,2, 4 [5.11]^ 
The price elasticity of supply, calculated at the mean values, was 
0.08. The price elasticity of supply calculated at the different price 
quantity points and at different levels of capital is shown in Table 22. 
Table 22. Price elasticities of guinea corn over the range of guinea corn 
prices and capital levels 
Price of guinea com 
(shillings) 
Price elasticities 
Kl K2 K3 K4 
0.26 0.110 0.093 0.079 0.036 
0.28 0.120 0.106 0.085 0.039 
0.30 0.130 0.107 0.091 0.042 
0.32 0.140 0.114 0.097 0.045 
0.34 0.150 0.121 0.103 0.048 
0.36 0.160 0.128 0.109 0.051 
Table 22 shows that within the price range used in the analysis, the 
price elasticity of supply increases as the price level increases. How­
ever, at any given level of guinea corn price within the range of prices 
used, the price elasticity of supply decreases as the capital level 
Increases. 
A possible theoretical explanation for the above phenomenon could 
be shown in Figure 4. and represent the supply relations at 
two capital levels, and K9. The price elasticities at points A and B, 
for example, are obtained by Equations 5.12 and 5.13 respectively. 
• s ? 
j 
Note that there are six observations at each level of capital. 
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Price of 
guinea com 
Ki Kg 
p _ _ A 3 
/ ! 
/ '  :  
Yg Y (output of 
guinea corn) 
Ki Kz 
Figure 4. Hypothetical supply functions of guinea corn at two capital 
levels 
" #p ' (5.12] 
CPs - f • (5.131 
9Y 1 
Since — is constant for both curves , and since an increase in 
dP 
4ve note that the supply function from which the curves are derived 
is linear. 
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capital level makes for increased production, Yg > and consequently 
ePg < gP^. This explanation will be equally true of Kg and K^. 
The magnitude of the price elasticity of supply clearly shows that, 
under the existing system of farming, price changes have very little 
influence on the supply of guinea corn. In other words, changes in the 
price of guinea com within the range used in this exercise do not lead 
to substitution between guinea com and other enterprises in the farm 
organization. 
The elasticity of supply with respect to capital, calculated at the 
mean, was 0.51. When calculated at the different capital quantity points, 
the elasticities were low at low capital levels but Increase as the level 
of capital increases as shown by the figures below. 
Capital level Capital elasticity of supply 
0.17 
Kg 0.31 
Kg 0.43 
K4 0.73 
The above results explain the vertical nature and the extent of rightward 
shifts in guinea corn supply curves shown in Figure 5. 
The reasonable level of response in guinea corn supply with respect 
to capital changes is not surprising since capital had been identified 
in Model 3 of Chapter IV as the crucial limiting factor to production 
expansion. In the parametric programming exercises, the solutions showed 
the highest imputed value (marginal value product) for capital and labor. 
.36-
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Figure 5. Guinea corn supply functions at selected prices of guinea corn and resource levels 
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implying that they are the most limiting factors which prevent scale 
expansion as price changes.^ 
In general, the response of guinea corn supply to capital changes is 
fairly reasonable but particularly low with respect to changes in the 
price of guinea corn. This conclusion is an important reflection of the 
extent to which resource limitation and sociological factors militate 
against Increased production in peasant farming. 
Capital and labor were found to be the "absolute" resource restric­
tion, in the sense that they effectively limit the output of guinea corn 
as its price is increased over the range used in the study. 
Security goals and uncertainty minimization, in terms of food 
requirements, had been advanced as part of the reasons why the farmers in 
the study area grow their crops in mixtures (43). The system of inter­
cropping had stood the test of time and had assured peasants' subsistence. 
If intercropping persists, high response In guinea corn supply could be 
expected only to the extent that farmers are willing to increase the 
production of other crops in the mixture. But, as long as the farmers 
have no incentive to do this, and as long as intercropping remains the 
acceptable farming system, the response of guinea corn supply to price 
changes will of necessity remain very low. 
This conclusion Immediately suggests the following; 
1) A simultaneous increase In the prices of other crops usually 
To some extent, capital could be regarded as the only effective 
constraint since an increased supply of capital automatically allows for 
labor hiring, but only up to the limit of labor availability in the area. 
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cultivated in mixture with guinea corn may be required to induce 
a higher degree of price response in guinea corn production. 
2) The need for an intensive research to explore the technical and 
economic feasibility of guinea corn cultivation as a sole crop. 
3) An intensive research to increase the yield of guinea corn within 
an intercropping system of production. 
4) The establishment of an efficient credit system which could 
extend credit facilities to farmers at a reasonable rate of 
interest. 
The reasonable level of capital elasticity of supply was obtained pre­
sumably because increased capital supply allows a general expansion in 
the scale of farm operation. 
b. Maize supply functions The model in [5.8] was solved over a 
range of maize prices — 0.24 shilling per pound to 0.48 shilling per 
pound — which was considered quite possible in the area. The price of 
0.48 shilling per pound is comparable to the highest price obtainable in 
the Southern States where maize is the dominant feed grain. Four levels 
of capital availability, K^-K^, were used and production of maize took 
place under improved technology. The data used for the regression estima­
tion are presented in Appendix D. 
If the data were graphed at each level of capital supply, the result­
ing supply functions would display many steps indicating a very high 
degree of competition among the enterprises. The competitive position of 
maize was greatly enhanced at higher price levels. 
The following regression equation and statistics were estimated for 
maize. 
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= -5854.45 + 24412.lOP + 4.54K 
(-2.73)** (4.32)*** (8.3)*** 
F = 0.78 and F(2,25) = 43.86*** 
2 The predetermined variables displayed the expected signs, R was 
fairly high, and the F-test and the 6-coefficients for capital and price 
variables were all significant at the one percent level. 
The price and capital elasticities of supply calculated at their 
mean values were 1.22 and 0.59 respectively. The magnitude of these 
elasticities shows that the supply of maize is reasonably responsive to 
capital supply but very highly responsive to maize price. This result is 
not unexpected since: 
1) Maize was cultivated with better technology. 
2) Maize is highly competitive with guinea corn and some other crops 
considered in the programming model. 
3) The cultivation of maize as a sole crop and its insignificant 
contribution to food requirement both remove the sociotechnical 
output expansiou constrairiLS characteristic of guinea corn crop, 
or any other crops cultivated in mixture. 
Table 23 shows the price elasticities at the different price quantity 
points for the four levels of capital. As In guinea corn, the table shows 
that within the price range used in the analysis, the price elasticity of 
supply increases as the price of maize increases. Also, at any given 
price level within this range, the price elasticity decreases as the 
level of capital increases. The same theoretical explanation advanced 
for this phenomenon in guinea corn supply functions also applies here. 
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Table 23. Price elasticity of maize over the range of maize prices and 
capital levels 
Price of maize 
(shillings) 
Price elasticities 
Kl K2 K3 K4 
0.24 2.68 0.99 0.76 0.45 
0.28 3.14 1.16 0.86 0.52 
0.32 3.59 1.32 1.02 0.59 
0.36 4.03 1.49 1.15 0.67 
0.40 4.48 1.65 1.27 0.74 
0.44 4.93 1.82 1.39 0.82 
0.48 5.38 1.98 1.53 0.89 
The capital elasticity of supply calculated at different capital 
quantity points is presented below; 
Capital level Capital elasticity of supply 
^1 0.45 
K2 0.38 
K3 0.43 
K4 0.81 
The capital elasticity was highest for and lowest for K2. Again, 
the capital elasticity of supply of maize at each level of K was much 
higher than those of guinea corn supply function. Both the price elastic 
nature and the extent of shift in maize supply curves due to capital 
changes are clearly shown in Figure 6. 
The differences in response between maize and guinea corn could be 
better explained through the examination of guinea corn cross-supply 
function which now follows. 
c. Guinea corn cross-supply functions The cultivation of maize 
could be considered as an alternative to the production of guinea corn 
Ym = -5854 • 244121 Pm • 4 54 K 
.48 
.44 
PRICE 
SHILLS 
.36 
r-
.32 
.28 
.24 
.1. 
»i 
QUANTITY OF MAIZE (thousand lbs) 
Figure 6. Maize supply functions at selected prices of maize and resource levels 
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and/or millet in the sense that they have almost identical edaphic 
requirements and labor and capital could easily be transferred between 
them. Accordingly, the adoption of maize could take place either by 
substituting it for other crops in the existing farming system or through 
the expansion of farm size such that the production of maize does not 
require a proportional decrease in any of the other enterprises. 
Given the existing level of technology and farm resources, however, 
the production of maize would most likely be at the expense of some other 
crops. It is also possible that increased level of farm resources may 
enable the farmers to adopt maize production without necessarily reducing 
the size of any of the existing enterprises. In the analysis that follows 
we attempt to examine the most likely consequences of the encouragement of 
maize production through price policy and increased level of capital 
supply. 
The model estimating the cross-supply of guinea corn is expressed as 
follows : 
Ygc = So + GiPr + 62% + : 
where 
= quantity of guinea corn 
Pj. = price of maize deflated by a constant price of guinea 
corn 
K = capital level 
e = error term 
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On theoretical basis, we would expect the 3-coefficient of K to be 
positive and the 6-coefficient of the relative price ratio to be negative 
since maize and guinea corn are substitutes. 
The model was solved for seven selected price ratios and two capital 
levels, and K2. The data used for the regression estimation are 
presented in Appendix E. The following function and statistics were 
estimated from the data: 
Y = 8067.50 - 3765.63Pr + 0.49K 
® (6.86)*** (-5.21)*** (0.30) 
r2 = 0.71 and F(2,il) - 13.62*** 
The predetermined variables displayed the expected signs, R was 
reasonably high, and the F-test and the 8-coefflclent of the price 
variable were both significant at one percent, while that of capital was 
highly insignificant. Nevertheless, we Included the capital variable in 
the equation because of our Interest in the magnitude of the cross 
capital elasticity of supply. 
The cross elasticity of supply of guinea corn with respect to the 
price of maize and capital was -1.72 and 0.06 respectively. This implies 
that changes in the price of maize would have significant influence on 
the quantity of guinea corn produced, while the influence of capital 
availability would be negligible. The high negative cross price 
elasticity of supply shows that guinea corn is highly substltutable for 
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maize.^ Table 24 shows the cross price elasticity of supply at the 
different price ratios and capital levels. 
Table 24. Cross-price elasticity of guinea corn supply over the range of 
maize-guinea corn price ratios and capital levels 
Maize-guinea corn Cross-price elasticities 
price ratio K2 
0.923 
1.077 
1.231 
1.385 
1.538 
1.846 
-1.17 
-1.37 
-1.57 
-1.76 
-1.96 
-2.35 
-1.'.2 
-1.^1 
-1.50 
-1.69 
-1.87 
-2.25 
Within the price ange used in the study, guinea corn cross-supply 
shows considerably high negative response when the price of maize was 
increased. Again, the cross-price elasticity of supply increases with an 
increase in the maize-guinea corn price ratio. Also, at any price level 
within the range, the cross-price elasticity of supply decreases with an 
increase in capital level. As in the previous functions, an increase in 
the level of capital shifts the cross-supply curve to the right, though by 
a much smaller magnitude. This is clearly shown in Figure 7. 
The change in the price of maize and capital level not only reduced 
the acreage of sole crop guinea corn, but it also reduced the acreage of 
guinea corn-based crop mixtures. This is clearly revealed in Table 25 
Any two goods may be regarded as substitutes when the cross-price 
elasticity of supply between them is negative, indicating that an 
increase in the price of one induces a reduction in the quantity of the 
other produced. The magnitude of such a negative elasticity indicates 
the degree of substitutability. 
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Figure 7. Guinea com cross-supply functions at selected relative 
prices of maize and two resource levels 
Table 25. Changes in enterprise combination as the price of maize and 
capital level change 
Maize price/pound 
Capital level: • Kl 
0.24 
K2 Kl 
0.28 
K2 *1 
0.32 
K2 
GC (indigenous 
technology) 2.89 2.96 2.95 
GC (improved 
technology) 2.59 2,76 2.66 
SC 0.38 0.85 0.37 0.85 
ML/GC 1.66 0.03 1.03 —  —  1.03 
ML/GC/GN — —  0.62 — —  — —  
CT/CW/SP 1.24 0.65 1.69 0.75 1.70 0.82 
ML/GC/GN/CW 2.32 — 2.14 0.19 2.15 
MZi 0.64 2.11 0.92 2.17 0.93 2.20 
MZ2 — —  0.04 
Revenue 2319.01 2709.04 2380.87 2892.87 2460.11 3082.31 
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0.36 
Kl K2 Kl 
0.40 
K2 
0.44 
Kl K2 
0.48 
Kl K2 
2.87 
0.38 
1.03 
1.76 
2.15 
0.94 
2.46 
0.85 
0.85 
2 .28  
0.07 
2.17 
0.38 
1.01 
2.31 
2.15 
1.09 
1.01 
0.85 
1.08 
2.94 
0 .28  
1.74 
0.38 
0.99 
2.21 
2.18 
1.16 
1.00 
0.85 
1.08 
2.94 
0.29 
0.38 
0.89 
0.74 
1.94 
1.81 
1.47 
0.85 
0.24 
3.17 
0 .28  
2539.98 3728.05 2625.59 3507.43 2723.06 3798.25 2833.42 4100.43 
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which shows the changes in enterprise combination as the price of maize 
and capital level change. 
When level of capital was used, sole crop guinea corn under 
improved technology was not competitive with maize at any level of maize 
price. However, its competitive position improved when capital level was 
increased to K2, but was gradually displaced as the level of maize price 
increases -
The results further confirmed that guinea corn and maize are 
substitutes. The adoption of maize production, whether induced by price 
and/or capital changes, would invariably bring about a reduction in the 
size of other enterprises on the farm. On the basis of these results, 
the government could encourage maize production by Increasing its price 
relative to those of other crops and, to a limited extent, by Increasing 
the level of capital availability. From the magnitude of the cross-
price elasticity of supply, modest increases in the price of maize would, 
other things being equal, bring about a substantial substitution of maize 
for guinea corn and other crops with which it is cultivated in mixture. 
However, Increased price and capital supply does not guarantee an 
automatic adoption of maize production. Its introduction would have to 
be backed by intensive extension efforts through demonstrations and educa­
tion on the technicalities of maize cultivation. The crucial step would 
involve the organization of efficient distribution of improved seeds and 
other inputs, and the teaching of the farmers how to use them effectively. 
Since the policy objective is to achieve an overall increase in grain 
production, the most rational long-run strategy is not to induce the 
substitution of maize for guinea corn, but rather to induce a simultaneous 
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expansion in all the grain crops. Again, the four strategies discussed 
under guinea corn supply could help to accomplish this goal. 
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VI. SOME ISSUES IN OUTPUT INCREASING FAEM POLICY 
A. Introduction 
The preoccupation in this thesis has been the identification of 
agricultural problems and the relevant policy measures which could be 
used to foster increased production. In part of the second chapter, we 
conceptualized the theoretical basis for the policy models generally 
used for inducing increased production. In Chapters IV and V we 
identified some of the factors militating against increased agricultural 
production and examined, both quantitatively and subjectively, the 
likely consequences of certain policy measures such as increased capital 
supply, increased output prices and reduction in input price. 
In particular. Chapter IV examined the path of farm adjustments 
and the income effects of such adjustments. Chapter V provided and 
emphasized both the elasticities of supply with respect to price and 
capital, and the elasticity of demand as indicators of policy directives 
for increasing fertilizer demand and product supply. These elasticities 
indicate the relative effects of price and capital changes on the supply 
of output. 
Some of the policy implications of the results were presented on 
the assumption that the methodology, model specifications and the use 
of "average farm" as the basis of analysis, all have reasonable degree 
of validity. While the quantitative estimates may not have been the 
exact magnitudes, they hopefully have provided part of the ingredients 
and a rough and ready guideline so urgently needed for immediate policy 
decisions. We appreciate, however, that there are other unquantifiable 
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but crucial factors in commodity supply and resource demand besides the 
elasticity coefficients. Such factors include socioeconomic, technical 
and other institutional factors. 
The remaining part of this chapter is devoted to the evaluation of 
these and other factors insofar as they may influence the effectiveness 
of policy measures and the validity of the results of this study. 
B. Factors Determining the Effectiveness of Policy Measures 
The effectiveness of any policy measure depends upon the socio­
economic characteristics of the farmers, the nature of input and product 
groups, and more importantly, the efficiency of policy implementation. 
In practice it may well be a combination of all the policy measures 
(Increased output price and capital supply, education, subsidized inputs, 
etc.) that will produce the desired results. Reduction in input price 
may not significantly increase the quantity used if either the price of 
output is not sufficiently attractive and/or there is no promise of 
marketing outlets for the products. Similarly, a reduction in input price 
may not increase demand if farmers have Inadequate capital or lack the 
skill essential for the application of the new inputs. Also, an increase 
in product price may not induce increased production if farmers lack 
economic motivations or if certain sociotechnical factors (e.g., the 
system of intercropping) prevents positive response. Accordingly, these 
policy measures should be viewed as supplementing each other, not 
substitutes. They supplement each other in the sense that an efficient 
credit supply would enable the farmers to expand production and thus 
benefit from price support policy. Intensive extension education 
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increases farmers' awareness, induces economic motivation and predisposes 
the farmers to greater receptivity. 
To the extent that producers respond to price incentives and changes 
in price relationships, policy makers have a means of influencing the 
pattern and scale of production. However, the scope of price policy 
depends, first, on the extent to which the existing state of production 
differs from the preferred but attainable target and, second, on the 
producers' capacity for adjusting farm operations to changing price 
conditions. Such capacity varies with the length of adjustment period, 
the kinds of enterprises, the size of farms, the level of income and 
resource availability. While there is an alarming gap between the 
existing and desired but feasible level of production in many developing 
countries, a host of factors militate against expanded capacity for 
adjustment. 
The choice of policy is not only a function of its effectiveness, 
it is also influenced by the ease and costs of Implementation. Input 
price support designed to give cost advantage to the farmer is relatively 
easy to apply to some inputs such as fertilizer, feedstuffs and other 
intermediate inputs. For such inputs price support can easily be effected 
through the agents administering their sales and distribution. On the 
other hand, labor wage is difficult to use as an output inducing variable. 
Generally, wages are flexible upwards and inflexible downwards while wage 
level is determined by supply and demand forces. Policy to increase farm 
wage often encourages the substitution of capital for labor. This 
substitution may lead to a high degree of mechanization. Admittedly, 
increased mechanization often results in higher level of production and 
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productivity, but the lack of farm employment in the rural areas may 
accentuate rural-urban migration to an undesirable rate. 
Farm policy on capital supply is not easy to apply in many developing 
nations. Monetary policies which manifest themselves in reduced rate of 
interest have little or no direct effect on farm credit supply since 
peasant farmers are not credit worthy and lack collaterals acceptable to 
the commercial banks. The establishment of credit corporations which 
were supposed to grant credit to the farmers has not been successful 
because of political interference, lack of efficient organization and 
trained personnel. As a result, loans were often misused with consequent 
low productivity which in turn resulted in high percentage defaults in 
loan repayment. 
The implementation of any policy involves some costs to the nation. 
Costs vary between different policies. Price policy, though relatively 
easy to apply, may involve substantial outlay if the price elasticity of 
the commodity is low. On the other hand, an exogenous increase in the 
demand for capital may lead to capital rationing which often results in 
high rate of interest. This raises the opportunity cost of credit policy 
in agriculture where capital productivity is relatively low. 
The effectiveness and ease of policy implementation also vary between 
groups of products. Most industrial and export crops, such as cocoa, 
rubber, kenaf and cotton, are highly responsive to output increasing 
policy measures because economic motives prompted their cultivation. The 
products are purchased exclusively by the marketing boards or the manufac­
turing industries and price policy is relatively easy to accomplish 
through the buying agents. 
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Output price policy is relatively difficult to implement in food 
crops. Many of the farmers still produce largely for subsistence and 
sell in the market only whatever remains. The marketing of crops is 
very unorganized, making the application of output price policy very 
difficult, although not impossible. An indiscriminate increase in food 
prices may shift the terms of trade against the consumers, which in the 
long run could have severe implications on private savings^ and, 
consequently, on economic development. 
It is possible to increase producer prices, and thus farm incomes, 
by a combination of modest price increasing and measures to insure higher 
producer price. Measures that could be used to insure high producer price 
would include: 
1) The elimination of middlemen through the establishment of credit 
facilities administered through marketing/production cooperatives. 
2) The provision of better infrastructures — improved roads and 
transport system — which insure efficient distribution. 
3) Encouragement of storage practices which enable farmers to take 
advantage of fluctuating prices. 
4) Efficient dissemination of market information such as supply, 
demand and prices in different areas. 
The degree to which a group of enterprises in Nigerian agriculture 
could be adjusted in response to changing price and technology varies a 
Income elasticity of consumption is still high in many developing 
countries. Rising food prices will, therefore, make an inroad into 
consumers' pay packets with a consequent reduction in their saving 
propensity. 
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great deal. Generally, it is much easier to make substitution between 
crop enterprises than between crop and livestock enterprises in response 
to policy changes. Within the crop enterprises, farmers are concerned 
more with the alternative distribution of acreage among the annual crops. 
In the tree crop and livestock enterprises, the accompanying heavy capital 
Investment and acquisition of new skills may slow down or even prevent 
production adjustments. There is also a question of costs and return 
considerations. Though the high net revenue from tree crop and some 
livestock enterprises may be a major incentive for expansion, high pro­
duction costs and delayed income may both have a negative influence on 
expansion. 
In conclusion, the choice of policy variables depends on their 
effectiveness and applicability under varying production and response 
conditions. In addition to the ease and cost of policy implementation, 
both the short-run and the long-run supply response to the policy 
variables are important in the choice among policy instruments. From 
the economic point of view, the operational criterion is to select that 
policy, or a combination of them, which promises the greatest return per 
unit of implementation cost. 
C. Consequences of Output Increasing Policies 
As a result of some policy measures, the supply curves often shift 
to the right over time. Given the inelastic nature of the demand for farm 
products, farm prices as determined by market forces may be depressed with 
consequent decline in farm income. The rise in the demand for resources 
as output expands also results in rising input costs, giving rise to the 
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well-known cost-price squeeze in agriculture. Accordingly, while policy 
measures could be effective in inducing increased production, they often 
produce some side effects which create problems of different dimensions. 
Such problems as the widening of the gaps in income distribution and 
resource returns within agriculture and between farm and nonfarm popula­
tion, disturbance of allocative efficiency, etc. have been widely 
discussed in the literature (17, 48, 49). Recent thoughts have resulted 
in the proposition of alternative policies such as taxation and shift 
of emphasis to structural adjustment forces in order to deal with the 
aftereffects of price support and income policies in North America (22; 
24, 29). 
In the light of U.S. experience, one may be tempted to conclude that 
price policies as strategies for agricultural development may not be what 
is best for long-run growth of agricultural industry. Nevertheless, price 
policy appears, as of now, to be the most satisfactory from the point of 
view of its effectiveness (11, 26, 53) and ease of implementation in 
factor and export markets, and the urgent need for increased agricultural 
production in many developing countries. The results of our analyses 
show clearly that price policy needs to be supplemented with measures 
designed to increase the supply of capital which makes the acquisition of 
other farm inputs possible. It is in this context that we advocate an 
immediate implementation of the C.R.N.D. recommendations on agricultural 
credit at the national level. 
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VII. SUMMARY, POLICY IMPLICATIONS, LIMITATIONS AND 
SUGGESTIONS FOR FURTHER RESEARCH 
A. Summary and Policy Implications of Results 
This study was designed to make some modest contributions to our 
understanding of : 
1) The economic organization of peasant farms which produce the bulk 
of national food and fibre. 
2) The potential contribution which increased level of resource 
supply and improved technology could make to peasant production 
and income. 
3) The pattern of farmers' response to different farm policy 
programs. 
Studies of this nature would provide the basis not only for guidance in 
general policy formulations, but may also indicate the magnitudes by which 
relevant policy variables could be manipulated to achieve certain agricul­
tural development goals. 
The data used for the study were the "average" resource quantities 
and input output coefficients constructed from RERU study of 124 farm 
families in the North Central State of Nigeria. Data on improved tech­
nology were obtained from a series of demonstrations conducted on farmers' 
farms during the same period. 
The first group of objectives (covered in Chapter IV) was essentially 
a micro-analysis, focusing on enterprise combinations, level of farm 
income, identification of production expansion constraints, effect of 
technology and, more importantly, the stability of sole cropping and 
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the intercropping systems under different levels of resources and 
technology. 
As compared with average farm income obtained from survey, the 
programming results show that: 
1) Farmers had been rational and efficient in their farm decisons. 
2) There is very little scope for improvement given the existing 
level of resources, technology and farm prices. 
3) Security goal and economic rationality are not necessarily in 
conflict. 
Improved technology and increased resource base not only permit 
larger scale of operation, but they also Increase the productivity of 
resources as well as insure higher level of farm income. Capital, while 
extremely short in the study area, is a lesser component of production 
costs than labor. However, as the scale of operation increases and as 
modern technologies permeate the fabrics of peasant production, more 
capital will be required to pay wages of hired labor and finance the 
expenditures or. nei-; inputs. 
It would appear, therefore, that planning for agricultural develop­
ment in the area would depend on improved technology and, to a greater 
extent, on the creation of new and greater quantities of farm inputs. 
The analyses also show that intercropping is conditioned not only 
by security goal but also by the scarcity of some factors of production. 
In general, crop mixtures are mostly favored at lower resource base. 
Their percentage contribution to total crop acre decreases as resource 
level increases, implying that the cultivation of sole crops increases 
with increased level of resources. Similarly, sole crops tend to be 
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favored when resource level is increased and improved technology intro­
duced. Also, within the framework of an optimum cropping program, crop 
mixtures produced under improved technology are in a weaker competitive 
position than when they are produced under indigenous technology. 
This indicates that if the system of intercropping is to be retained 
in face of advancing technology, more intensive research would be needed 
to enhance the economic and technical performance of crop mixtures under 
improved technology. As of now, the adoption of sole crops in preference 
to crop mixtures has little potential. It may have to-await such a time 
when Increased resource base, dependability of returns and food needs for 
the peasants could be guaranteed under the sole cropping system. 
The second group of objectives (covered in Chapter V) was achieved 
through the derivation of resource demand and product supply functions 
using a combination of parametric programming and multiple regression 
analysis models. The overall fit of the demand and supply equations was 
good and the predetermined variables explained very high percentage of 
the variations in the supply and demand quantities. 
The results of the analyses show a positive, although small, 
fertilizer demand response to changes in the price of output. A fall 
in the price of fertilizer and an increase in the level of capital bring 
larger demand responses for fertilizer. The demand for fertilizer is 
most responsive to increases in capital level, with capital elasticity 
of 1.63, followed by fertilizer price changes with price elasticity of 
-0.79 and, lastly, by output price increases with price elasticity of 
0.32, all calculated at the mean values of observations. This result 
indicates that any program designed to Increase fertilizer demand in the 
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study area should lay greater emphasis on the supply of credit. However, 
since the three policy instruments are not mutually exclusive, their 
simultaneous application seems to promise significant effect. 
The price and capital elasticities of supply of maize are 1.22 and 
0.59 respectively. These figures suggest very high prospects for the 
expansion of maize production as the price of maize and capital level 
increase. These prospects stem from the high degree of substitution 
between maize and other enterprises on the farm. On the other hand, the 
price and capital elasticities of guinea corn supply are generally low. 
The supply is particularly inelastic with respect to price, elasticity 
being 0.08, but reasonably elastic with respect to capital changes, 
elasticity being 0.51. 
These results would suggest that an increase in the level of capital 
promises a greater supply of guinea corn than an increase in its price, 
but both price and capital increasing policies would be expected to have 
significant Influence on maize supply. The reasons for the price 
inelasticity of supply of guinea corn could be attributed to: 
1) Low level of capital which served as absolute restriction as 
guinea corn price changes. 
2) The sociologically and economically motivated system of inter­
cropping which effectively prevents unilateral expansion of 
guinea corn as its price increases relative to the prices of 
other crops in the mixture. 
Guinea corn is complementary to other crops in the mixture and, as long 
as the system of intercropping remains the acceptable farm practice, an 
increase in the size of guinea corn automatically brings about an 
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increase in the size of other crops in the mixture. However, insofar as 
farmers have no incentive to increase the production of other crops in the 
mixture, guinea corn supply response to price changes would necessarily 
remain low. 
The cross-supply analyses show that the degree of substitution 
between maize and guinea corn and/or other guinea corn based crop mixtures 
is high, presumably because it is relatively easy to shift resources from 
one to the other. Since guinea corn bears a complementary relationship 
with other crops with which it is usually produced in mixture, the pro­
duction of these other crops in the mixture correspondingly falls as 
maize production expands in response to changes in its price. To a 
certain level, this could lead to a fall in farm revenue unless the 
increased income from expanded maize production outweighs the reduced 
income consequent upon the reduction in the size of other crops. This 
observation is particularly important In view of the current drive to 
encourage the adoption of maize production in the Northern States. This 
analysis shows, however, that farm Income Increases as the level of maize 
production increases (Table 25); there is, therefore, no cause for alarm. 
Since the national policy objective is to achieve an overall increase 
In grain production, the most rational strategy is to Induce a simul­
taneous expansion in all grain crops. This may entail: 
1) The simultaneous increase in the price of other crops in mixture 
with guinea corn, though not necessarily in the same proportion 
as guinea corn price increases. 
2) Further research to explore the technical and economic feasibility 
of guinea corn cultivation as a sole crop. 
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3) More intensive research to Increase the yield of guinea corn 
within an intercropping system of production. 
4) The establishment of a credit system which enables farmers to 
effect an overall expansion in scale of farming. 
B. Limitations and Suggestions for Further Research 
Some of the shortcomings of this study must be noted. First, the 
analyses determined the most profitable path of adjustment and supply and 
demand responses, but not necessarily the most probable ones. For many 
reasons, mostly social and technical, farmers do have objectives which are 
at variance to profit maximization. In practice, the adjustment of farm 
organization along the lines Indicated in the results may not be exact and 
should not be expected to come easily. It generally takes a long time for 
farmers' actions to approximate those suggested in the results. The lag 
in adjustment could be reduced considerably by the process of economic 
development which enforces competition and encourages profitable farm 
business, and by intensive education and extension activities which 
modify farmers' attitudes and social values. 
Second, the supply functions have been investigated without reference 
to the demand side. We simply assumed that, at present, demand is greater 
than supply and that all indications show that the gap may be wider in the 
near future. If the intensification of grain gathers momentum in all 
states, supply may outstrip demand with a consequent reduction in grain 
price, and thus farm income. Precautionary measures could be taken to 
prevent this from happening. 
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One such measure would be the full investigation of possibilities 
for grain export to neighboring countries. Such investigation should be 
designed to obtain information on the quantity and price of exported 
grain. The demand for home consumption should also be investigated and 
projected into the future. Equipped with the data on potential demand, 
production could be tailored to meet the requirements for both internal 
and export demands. Then, interstate or interprovincial (whichever is 
appropriate) competition models could be used to identify technical and 
economic advantages in grain production and allocate production and grain 
development funds among the various states or provinces in order to 
produce the estimated demand quantity at the minimum cost to the nation. 
More study and empirical work, covering other food and fibre crops 
in other parts of the country, remain to be carried out before knowledge 
becomes sufficient for formulating food and fibre crop policies at the 
national level. If this kind of study, or variants of it, is conducted 
in other provinces/states, it could be of particular use to the recently 
contemplated agricultural credit banks. From such studies we could 
generate models representing different farm situations and derive capital 
profiles (i.e., a systematic arrangement of credit requirements and income 
expected during a production period) from which loan programs for the 
different farm groups could be derived. In addition, the return on 
capital could be evaluated and the chances of and schedules of loan 
repayment could be worked out. 
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X. APPENDIX A. NOTES ON THE CALCULATION OF PRICE INDEX USED 
IN FERTILIZER DEMAND FUNCTION 
The prices of all products in the programming model move up more or 
less together. However, a simple averaging process of columns 1-7 of 
Table 21 would give equal weight to each product. But a change in the 
price of maize or cotton may be more important, from the point of view 
of demand for fertilizer and supply of output, than a change in the price 
of guinea corn and should, therefore, carry greater weight in the index. 
Also, the quantity of each product produced did not remain constant over 
all price changes, presumably because of enterprise substitution. 
Thus, in order to give individual products weights that are 
commensurate with their importance, their prices were weighted by the 
quantities of Individual products generated by the optimum solutions 
using Fisher's "Ideal" formula; 
P = price index 
Pg = base price of the product 
P^ = price of the product increased by a certain proportion 
q^ = base quantity of the product derived from the first L*P 
solution 
q^ = quantity of product when its price is increased by a 
P 
where 
certain proportion 
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XI. APPENDIX B. OBSERVATION INPUTS FOR FERTILIZER DEMAND FUNCTION 
1.000 18.0 218.81 127.344 
1.100 18.0 214.06 135.632 
1.161 18.0 205.55 152.040 
1.222 18.0 205.55 152.040 
1.284 18.0 202.55 161.616 
1.345 18.0 202.55 161.616 
1.405 18.0 202.55 161.616 
1.000 12.0 203.98 172.984 
1.102 12.0 203.98 172.984 
1.165 12.0 198.32 193.088 
1.229 12.0 198.32 193.088 
1.294 12.0 194.55 249.760 
1.359 12.0 194.62 250.544 
1.423 12.0 202.30 259.896 
1.000 18.0 499.29 757.848 
1.109 18.0 495.84 854.784 
1.185 18.0 508.50 953.792 
1.271 18.0 522.06 964.768 
1.325 18.0 528.72 970.032 
1.406 18.0 528.72 970.032 
1.480 18.0 528.72 970.032 
1.000 12.0 487.80 1146.152 
1.120 12.0 489.30 1160.152 
1.193 12.0 506.75 1203.216 
1.270 12.0 517.01 1229.592 
1.347 12.0 517.01 1229.592 
1.423 12.0 517.01 1229.592 
1.500 12.0 517.01 1229.592 
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XII. APPENDIX C. OBSERVATION INPUTS FOR GUINEA CORN SUPPLY FUNCTION 
PG K 
0.26 167.43 3115.88 
0.28 167.43 3115.88 
0.30 167.43 3115.88 
0.32 167.43 3115.88 
0.34 167.43 3115.88 
0.36 167.43 3115.88 
0.26 372.26 3490.29 
0.28 372.26 3765.99 
0.30 372.26 3876.50 
0.32 372.26 3876.50 
0.34 372.26 3929.03 
0.36 372.26 3929.03 
0.26 610.36 4316.75 
0.28 610.36 4523.67 
0.30 610.36 4523.67 
0.32 610.36 4533.63 
0.34 610.36 4533.63 
0.36 610.36 4533.63 
0.26 2218.75 9687.52 
0.28 2218.75 9687.52 
0.30 2218.75 9687.52 
0.32 2218.75 9687.52 
0.32 2218.75 9687.52 
0.34 2218.75 9687.52 
0.36 2218.75 9687.52 
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XIII. APPENDIX D. OBSERVATION INPUTS FOR MAIZE SUPPLY FUNCTION 
Po K Ym 
0.24 217.53 1368.65 
0.28 217.53 1976.16 
0.32 217.53 1981.95 
0.36 217.53 2008.61 
0.40 217.53 2304.64 
0.44 217.53 2479.23 
0.48 217.53 3133.35 
0.24 491.08 4498.93 
0.28 491.08 4640.18 
0.32 491.08 4818.79 
0.36 491.08 5107.27 
0.40 491.08 7269.83 
0.44 491.08 7280.93 
0.48 491.08 7774.51 
0.24 727.75 5975.74 
0.28 727.75 5975.74 
0.32 727.75 6336.88 
0.36 727.75 7786.67 
0.40 727.75 8406.12 
0.44 727.75 9620.67 
0.48 727.75 9620.67 
0.24 2343.65 5993.96 
0.28 2343.65 5993.96 
0.32 2343.65 10677.26 
0.36 2343.65 16703.36 
0.40 2343.65 17306.64 
0.44 2343.65 17646.12 
0.48 2343.65 17646.12 
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XIV. APPENDIX E. OBSERVATION INPUTS FOR GUINEA CORN CROSS-SUPPLY FUNCTION 
^N/R K ^RC 
0.923 217.53 3942.38 
1.077 217.53 3503.05 
1.231 217.53 3492.96 
1.385 217.53 3446.51 
1.538 217.53 2304.64 
1.692 217.53 2628.87 
1.846 217.53 1406.29 
0.923 491.08 4641.42 
1.077 491.08 4766.60 
1.231 491.08 4737.93 
1.385 491.08 4307.46 
1.538 491.08 1112.78 
1.692 491.08 1113.04 
1.846 491.08 987.00 
